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RAINDROP SIZE DISTRIBUTIONS AND Z-R RELATIONSHIPS MEASURED ON THE 
NOAA DC-6 AND THE NOAA SHIP RESEARCHER WITHIN THE GATE B-SCALE ARRAY 

John B. Cunning and Robert I. Sax 

A better understanding of how the precipitation budget 
operates in tropical convective systems is a prime objective 
of the GATE research effort. Measurement of rainfall ·rate 
with shipboard radar is the principle method by which 
precipitation output from tropical clouds that develop within 
the GATE B-scale array will be determined. Knowledge of 
the relationship between radar reflectivity (Z) and rain-
fall rate (R) is essential for an accurate interpretation of 
precipitation data derived through the use of radar technology. 
The Z-R relationship is determined through application of a 
least-squares linear regression to data points derived by 
appropriate integration of the third and sixth moments of a 
series of raindrop size spectra. 

Drop spectra measurements were obtained during GATE 
by means of a foil impactor operated at cloud-base level 
on board the NOAA DC-6 aircraft and a surface-based rain­
drop distrometer operated on the flying bridge of the 
NOAA ship "Researcher." A total of 107 and 137 Z-R data 
points are available from the foil impactor and distrometer 
data respectively. These represent showers occurring on 
12 days in the case of the foil data, and on 8 days in the 
case of the distrometer data. The best-fit Z-R relation­
ship for the cloud-base aircraft foil data showed little 
variability from day to day or on the basis of stratifica­
tion by rain rate. For all foil data combined, the best-fit 
Z-R relationship was found to have the form: 

Z = 170R1 · 52 

which gives, for example, rain rates of 66, 15, and 3 mm hr-1 for 
Z values of 50, 40, and 30 db respectively. 

Drop spectra measurements derived from the distro­
meter data required the application of a correction scheme 
to the small end of the distribution because of the 
apparent insensitivity of that device for detecting small 
drops in the shipboard noise environment. These corrections 
led to appreciable changes in the rain rates computed through 
a mass integration of the drop spectra and, for that reason, 
the Z-R relationship derived from the distrometer data, 
provided in the text, must be regarded with some suspicion . 

.Discussion of the use of a cumulative distribution 
function to transform drop spectra derived from the foil 
data is provided in an appendix. The advantage of this 
technique lies in the alleviation of sampling volume 
problems occurring at the large end of the drop size 
distribution. 



l. INTRODUCTION 

The release of latent heat of condensation is .one of the primary energy 
sources available to drive the tropical weather machine. The way that this 
energy source is utilized locally within a tropical area cannot be determined 
without detailed knowledge of the water budget within cloud systems. As 
stated by Weickmann (1973), three essential parameters must be measured: 

a) the rate of condensation and deposition (production of 
liquid water or ice) occurring within a cloud system, 
which determines the amount of latent heat taken from 
the environment, 

b) the precipitation of water, which determines the quantity 
of latent heat released by the cloud system, 

c) the amount of water remaining within the cloud system. 

From these considerations it followed that a project such as the GARP Atlantic 
Tropical Experiment (GATE), which had as a goal the understanding of tropical 
convective processes, required a cloud physics subprogram to investigate the 
degree to which nature utilizes the available condensational energy within 
mesoscale cloud systems. Some important parameters to be measured included 
influx of water vapor through cloud base, in-cloud water content at various 
levels, entrainment characteristics, and precipitation rates, distributions, 
and amounts. 

The GATE Project gave researchers the opportunity to investigate tropical 
convective processes on a subsynoptic scale over an oceanic region well re­
moved (500 to 1000 km) from any major land mass (fig. 1). Quantitative radar 

-----GATE B SCALE 
PHASE 3 

~"~--------------~~--------------~~-5' 

Figure 1. Location of GATE B-scale 
array and participating ships. 
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measurements were used within the GATE 
B-scale array to provide information 
about hydrometeor water content within 
convective systems and on total pre­
cipitation amounts. The shipboard 
radars used in GATE were principally 
C-band with wavelengths o.f 5.6 em. 
Since, for a 5.6-cm wavelength, the 
Rayleigh scattering approximation is 
valid for all but the largest of rain­
drops, the radar reflectivity, Z, can 
be computed from the expression 

Z = f N (D)D6 dD (l) 

where N (D) is the drop concentration 
per unit volume, D Us the drop diameter, 
and Z is expressed in the units mm6 m-3. 
The rainfall rate R (mm hr-1) can be 
calculated from the equa.ti_on 

R = i- f N (D)D3pVtdD (2) 



where P is the density of water and Vt is the terminal velocity of raindrops 
of diameter D. An understanding of the relationship between Z and R is of 
fundamental importance for the quantitative determination of rainfall rates 
from radar. 

This paper discusses drop size distributions obtained by both an airborne 
foil impactor and a shipborne distrometer and provides an analysis of the 
relationship between radar reflectivity and rainfall rate within the GATE 
B-scale array. 

2. VARIABILITY OF Z-R RELATIONSHIPS 

It has been established by many investigators that a relationship of 
the form Z = aRb, with Z and R both functions of the drop size distribution, 
can be used for a variety of rainfall types in a number of geographical loca­
tions. Table 1, a summary of previously published Z-R relationships from 
different regions of the world, shows that the coefficient a has been found 
to vary from 17 to 730 and that the exponent b has been found to vary from 
1.16 to 2.87. More strikingly, for an arbitrary value of Z of 105 mm6 m-3 

(50 dB), the corresponding rainfall rate is found to range from 10 mm hr-1 to 
270 mm hr- 1 • Even if the several extreme values of a and/or b are ignored, 
the range of rainfall rate R when Z is 50 dB is still about an order of 
magnitude. It is not surprising that stratification by geographical location 
(e.g., maritime, continental, or tropical) and shower type (convective or 
stratiform) is a necessary first step in determining applicability of a 
particular Z-R relationship. 

Since many of the formulations in table 1 were derived from data based 
upon minimal drop sampling volumes, Z-R variability from shower to shower or 
day to day, or both, may have not been reflected. Measurements to determine 
the Z-R variability within a given area or rainfall regime should be made 
repeatedly to enable accurate computations of rainfall rates. It is also 
likely that measurements obtained on the periphery of the rain shower core 
(either in terms of space or time) may not be representative and may serve to 
add noise to the data. Table 2 contains data from Stout and Mueller (1968), 
derived from surface drop camera measurements, that show variability of the 
Z-R relationship at Miami as a function of rainfall type, synoptic condition, 
and instability criteria. 1 In the case of the last parameter, the rain rate 
for an arbitrary Z value of 50 dB ranges from 48 mm hr-1 for an instability 
category of 7 to 110 mm hr-l for an instability category of 10 (lowest instability 
stratification). The maximum variability when rainfall is stratified as to 
type or synoptic condition is about a factor of 2, which can still provide 
appreciable differences at a Z value of 50 dB. This serves to emphasize the 
highly variable nature of drop distribution data and points to the need for 
a determination of the Z-R relationship for a particular set of known meteoro­
logical and geographical parameters. 

1Defined by Stout and Mueller (1968) as the amount of energy required to lift 
a parcel of air through the troposphere; results of calculations were grouped 
and stratified into 10 categories in descending order of instability. 

3 
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Equntlon 

320Rl.44 

214Rl. 58 } 
224Rl. 54 
630Rl.45 
208Rl.53 

190Rl. 72 

220RJ..60 

295Rl.61 

180Rl. 55 

127R2•87 

l7Rl.55} 
31Rl. 7l 

290R1 •41 

l27R2 • 29 

486Rl. 37 396Rl. 
35 

} 

380RL 24 

313Rl. 25 

Reference 

Wexler, R. (1947) 

Wexler (1948) { 

Marshall, LaOgille, and 
Palmer (1947) 

Marshall and Palmer 
(1948) 

Hood (1950) 

Boucher (1951) 

Higgs (1952) 

Blanchard (1953) 

Twomey (1953) 

Jones (1955) 

Location 

Washington, D.C. 

1-J'ashington, D.C. 
Ynyslas, Great Britain 
Shoeburyness, England 
Hawaii 

Various locations 

Various locations 

Canada 

Cambridge, Mass. 

Australia 

Hawaii 

Sydney, Australia 

Central Illinois 

Remarks 

8 rain intensities, each a mean of about 
10 storms of same intensity 

98 storms--original data 
5 rainstorms 
4 rainstorms 
50 storms, orographic rain 

Various types of rain 

Various types of rain 

270 samrles, 7 rainstorms; light rain 
1-3 mm/hr; heavy thunderstorms 50 rnm/hr 

63 rain samples, widespread rain both 
uniform and variable; showers and 
thunderstorms 

Showers, 8 months of observation 

{ 

Orographic rain within cloud 
Orographic rain at cloud base 
Nonorographic rain--thunderstorms 

Rain rates 0.2-9.0 rnm hr 
-1 

{ 

1,270 1-minute observations--all rains 
560 1-minute ob~ervations--thunderstorms 
330 1-minute observations--rain showers 
380 1-minute observations--continuous rain 

R(nun hr-1 ) 
for 2=50 db 

54 

49 
53 
33 
57 

38 

46 

37 

59 

10 

270 
113 

63 

18 

60 
49 
89 

100 
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'l'ab~lf 1. Various Pub1isJ:l~d Z-R Re.lationshios (from BattS'in, 1973, with changes) (continued) ·--

E9uation 

:::::::: ( 
398Rl. 4 7 ~ 
162RL16} 
215Rl. 34 
350Rl.42 
310Rl. 34 

220Rl. 54 

303Rl. 70 
405Rl. 49 } 
289Rl.59 

109Rl. 64 
342RL42 } 

700Rl.60 } 
300Rl. 60 
2.00Rl.50 
200Rl.50 

219R1.41 } 
68Rl.94 
67Rl.92 

204Rl. 70 

Reference 

Litvinov (1956) 

Atlas and Chmela (1957) 

Sal 'man (1957) 

Shupiatskii (1957) 

Ramana Murty and 
Gupta (1959) 

Location 

Mount E1 1brus, USSR 

Lexington, Mass. 

Near Leningrad, USSR 

Near Moscow, USSR 

{ 
Kandia, India 
D~1hi, India 

Imai (1960) Tokyo, Japan 

Sivaramakrishnan (1961) Poona, India 

Muchnik (1961) Kiev, USSR 

Remarks 

Rain (melted granular snow and strongly 
granulated particles), 344 spectra, 
6 rains 

Rain (melted snow of average granula­
tion), 367 spectra, 7 rains 

Rain (melted non-granulated snow), 
140 spectra, 4 rains 

f 

Stratiform rains, 
Stratiform rains, 
Stratiform rains, 
Stratiform rains, 

16 April 1954 
23 April 1954 
27 April 1954 
28 April 1954 

Showers and steady rain 

{ 

Various 
Various 
Various 

types of rain, R < 7 mm/hr 
types of rain, 7 < R < 60 mm/hr 
types of rain, R > 60 mm/hr 

Orographic, Monsoon rains 
Nonorographic, Monsoon rains 

{ 

One day, probably warm rain 
One day continuous rain 
Air mass showers 
Prewarm frontal rain 

{ Thunderstorms 
Steady rains 
Warm rains 

Showers and steady rains 

R (mm hr-=J:l 
for Z=50 db 

68 

47 

43 

254 
98 
54 
74 

53 

30 
40 
40 

64 
55 

22 
38 
63 
63 

77 
43 
45 

38 
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Table .l. Various Published Z-R Relationships (from Battan, 1973, with changes) (continued) 

Equation 

204Rl. 52 ) 
280R1. 46 { 
280Rl. 7l ( 
215Rl. 60 ) 

205Rl.48 
300Rl. 37 
450R1.46 

300R1. 40 

184Rl. 28 
278Rl. 30 
240Rl. 30 
176!\1.18 
151Rl. 36 
179Rl. 25 
227Rl. 31 
178R1.25 
1o0Rl. 23 
137Rl. 36 

} 

330R1. 41 

298R1.46 } 

520Rl. 81 

730Rl. 55 } 
255Rl. 45 
426Rl.50 

Reference 

Andrews (1961) 

Fujiwara (1965) 

Gerrish and Hiser 
(1965) 

Diem (1966) ) 

Gorelik et al. (1967) { 

Foote (1966) 

Doumoulin and 
Cogomb1es (1966) 

Location 

London, England 

Mostly Miami, Florida 

Florida 

Various locations 
Entebbe, Uganda 
Lwire, Congo 
Palma 
Barza, Italy 
Karlsruhe, Germany 
Karlsruhe, Germany 
Karlsruhe, Germany 
Karlsruhe, Germany 
Axel Heiberg Land 

{ 

Continuous 
Showers 
Thunderstorm 
All types 

{ Continuous rain 
Rainshowers 
Thunderstorms 

Remarks 

Summer .convection 

Spring 
Summer 
Fall 
Winter 

Chernozem (near Moscow)} 

Vashnevo (5 km away) 

About 10 days, 20,000 samples on filter 
paper, all types of rain 

Tucson, Arizona 

France 

32 showers and thunderstorms on mountain 
peak, 2,500 meters 

{ 

Measured on 12 Harch 1964 
Measured on 4 September 1964 
107 drop-size di~tributions 

R(mm hr-1 ) 
for z~5o db 

59 
56 
31 
46 

65 
69 
40 

63 

137 
92 

104 
216 
119 
158 
104 
158 
198 
127 

1 58 

1, 54 

18 

24 
61 
38 
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!?-1? _ _12___1__. va;ious Published Z-R Relationships (from Battan, 1973, with changes) fcontinueg)_ 

Equation --
286Rl. 43 
221Rl.32 
301Rl. 64 
3llRL 44 
267Rl. 54 
230Rl. 40 
372Rl.47 
593Rl. 61 
256Rl. 41 

140Rl. 50 } 
250Rl. 50 
500Rl. 50 

257Rl. 33 } 
420RL 31 

365Rl. 41 

Reference 

Mueller and Sims 
(1966) 

Stout and !-iueller 
(1968) 

Joss et al. (1970) 

Herceret (1973) 

Cunning (1976) 

Location 

Miami, Florida 
Majuro, Marshall Islands 
Corvallis, Oregon 
Bogar, Indonesia 
Hoody Island, Alaska 
Franklin, North Carolina 
Champaign, Illinois 
Flagstaff, Arizona 
Island Beach, N.J. 

{ Locarno-Monti, 
Switzerland 

Atlantic Ocean 

South Florida 

Remarks 

Drizzle 
Widespread rain 
Thunderstorm rain 

Convection within tropical storm 
Felice; near cloud base 

R(rnm hr-1) 
for Z=50 db 

60 
103 

34 
55 
47 
77 
45 
24 
69 

80 
54 
34 

{ 89 
65 

Cloud base measurements in summer convection 54 



Table 2. Z-R Relationships for Miami Area Stratified as to Rainfall Type, Synoptic Condition, and Thermodynamic 
Instability Criteria (from Stout and Mueller, 1968) 

Correlation Minutes R(rnm hr-1) 
Stratification Equation coefficient of data for z~50 db 

A. Rain type 

Continuous 322Rl. 33 0.94 911 75 
Showers 250Rl. 47 0.95 696 59 
Thunderstorms 224Rl. 51 0.94 902 57 

B. Synoptic class 

Air mass 323Rl. 42 
0.98 467 58 

Pre-cold front 280Rl. 49 0.95 744 52 
Cold front 198Rl. 54 0.95 187 57 
\\'arm front 403R1. 24 0.96 341 85 
Overrunning 302RL 36 0.94 196 71 
Easterly wave 296Rl. 35 0.97 536 75 

00 Trough aloft 261Rl.43 0.97 80 64 
Pre-cold occlusion 330Rl. 66 0.91 40 31 

c. Instability 

l (highest) 264Rl. 40 0.97 136 69 
2 295Rl. 36 0.97 286 73 
3 307Rl. 41 0.97 367 61 
4 304R1. 4l 0.96 416 61 
5 3l3Rl. 39 0.98 133 63 
6 206Rl. 42 0.97 117 78 
7 420Rl. 41 0.97 161 48 
8 358Rl. 31 0.95 559 74 
9 352RL 38 0.95 238 60 

10 (lowest) 257RL 27 0.96 167 110 



3. MEASUREMENT PROGRAM 

3.1 Motivation for Experimental Design 

The calculation of a Z-R relationship that would be appropriate for the 
oceanic region encompassed by the GATE B-scale array requires that the size 
distribution of raindrops be measured on shipboard and/or from aircraft 
operating within that area. Since spectra measurements contain high natural 
spatial and temporal variability (primarily because of sampling volume limita­
tions of instrumentation currently in use), it is important to compensate for 
possible error by calculating ensemble averages from a sample size that is 
large enough for statistical significance. Furthermore, it is absolutely 
necessary that the shower core, not just the periphery, be sampled for the 
computation of a meaningful Z-R relationship. 

Garstang (1969) showed that during the 1968 Barbados Experiment the NOAA 
ship Discoverer, stationed in the eastern tropical North Atlantic near Barba­
dos from August 4 to 27 was in a significant shower (greater than 2.5 mm hr-1 

of rainfall) on only 10% of the experimental days. Holle (1968) found, how­
ever, that precipitation from at least one cloud within a 30-km radius of the 
R/V Crawford stationed in the tropical Atlantic near Barbados in the summer 
of 1963 occurred during 60% of all hours having supporting photographic data. 
This indicates that, although the occurrence of a shower directly overhead at 
a given location in the tropical ocean is a rather rare event, the occurrence 
of precipitation within a surrounding extended area is a frequent event. Thus, 
measurement from a highly mobile instrumented platform, such as an aircraft, 
should be used in conjunction with those from one or more fixed-ship plat­
forms to obtain a large ensemble average of drop size distributions over an 
oceanic area. 

3.2 The Aircraft Program 

The U. S. aircraft program to obtain drop size distributions within the 
GATE area was quite extensive. The primary instruments for this purpose were 
an MRI foil impactor and a Knollenberg 1-D particle spectrometer (cloud drop­
let and raindrop probes). Both the NOAA DC-6 and C-130 aircraft carried foil 
impactors during the three phases of GATE {first phase - June 28 to July 16, 
1974; second phase- July 28 to August 17, 1974; third phase~ August 30 to 
September 19, 1974). During the second phase a Knollenberg 1-D particle 
spectrometer (cloud and rain probes) was carried on the DC-6 aircraft, but. 
the raindrop probe was transferred to the C-130 aircraft for the third phase. 
A Knollenberg 1-D drop spectrometer (cloud and rain probes) was carried on 
the NCAR Electra for the three phases and on the NCAR Sabreliner (cloud probe 
only) during the second and third phases. 

During the GATE experiment, the DC-6 aircraft operated mainly at an alti­
tude near cloud base, the NCAR Electra operated at altitudes between cloud 
base and 10,000 ft, the C-130 aircraft flew typically at the freezing level 
(15,000 ft) or colder, and the Sabreliner flew at very high altitudes (>30,000 
ft). The aircraft sections of this paper are concerned only with data obtained 

. from the foil impactor operated on the DC-6 aircraft near the cloud-base level. 

9 



The foil impactor, located on one wing­
tip of the DC-6 (fig. 2), is operated 
manually whenever the aircraft traverses 
a precipitation shaft. When the impactor 
is activated, a motor mechanism moves a 
strip of aluminum foil2 (approximately 
8 em wide) over a grooved (.25 mm) drum. 
A striated pattern remains at the point 
where the drop impacts on the grooved 
drum. A metal shutter (3.8 x 3.8 em) 
operates synchronously with the transport 
mechanism to expose the foil to precipi­
tation, As configured for GATE, the 
shutter is open and the foil exposed for 
approximately .2 seconds. During the next 
.8 seconds, the shutter is closed and the 
foil is advanced. The shutter then opens 
again and the sampling is repeated in this 

FOil IMPACTOR' mode until the aircraft passes completely 
1 through the precipitation core, The 

cross-sectional area of the shutter opening 
is 14.5 cm2 ; thus, for an exposure of 

SHUTTER (3.8 X 3.8cm) • 2 seconds on an aircraft moving at 100 m sec-l, 
the sampling volume is approximately 

Figure 2. Foil impactor of MRI 30 liters. It has been found from experience 
design mounted on the wingtip of with heavy tropical rain that sampling 
the NOAA DC-6 aircraft. The foot- volumes much in excess of 30 liters per 
ball-shaped cylinder directly above: frame of foil result in a serious over-
the impactor is an optical ice lapping of drops. The foil impactor 
particle counter. mounted on the DC-6 aircraft was, therefore, 

able to sample about 1 m3 of air during 
a traverse through an isolated medium-sized 

convective element (approximately 3 km in diameter). When fully loaded, the 
impactor can carry about 9000 em of foil, enough to obtain measurements from 
about 10 to 20 rain shafts of the sizes typically encountered within the area 
covered by the GATE B-scale array. 

3.3 Surface Program 

The·u. S. program to measure drop size distributions at the surface was 
carried out on GATE ships at fixed locations within the B-scale array (fig. 1). 
Distrometers of the type developed by Joss and Waldvogel (1967) were used 
exclusively by the U. S. participants. During the three GATE phases, the 
NHEML distrometer was on the NOAA ship Researcher, and a second distrometer 
operated by the Department of Meteorology, Massachusetts Institute of Technol­
ogy, was on the R/V Gilliss. A third distrometer, operated by the Department 
of Physics, University of Toronto, was on the Coast Guard ship Dallas during 
the first phase and on the R/V Fay during the third phase of GATE. The surface 

2Foil used during GATE on the NOAA DC-6 had a thickness of .001 inch and was 
purchased from Clecon Metals, Cleveland, Ohio, with their alloy specification 
1145-0, pack roll finish, on 1-5/16 inch I.D. flush fiber core. 
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program sections of this report are confined to a discussion of results ob­
tained by the distrometer operated on board the NOAA ship Researcher. 

The distrometer was located on the flying bridge of the Researcher, a site 
chosen for its good exposure to rain, reduced background noise, and proximity to 
the center of gravity for minimal ship vertical motion. The distrometer was 
activated manually whenever showers passed over the ship. The transducer and 
processor system (fig. 3) provides an electronic signal (0 to 10 v pulse of 
500 ms duration) proportional to the momentum transfer of raindrops impacting 
upon the distrometer head. The signal is pulse-height analyzed, digitized, 
formatted into standard two-track NRZI serial data, and recorded on a Uher 
Model 4200 tape recorder. The conical sampling head has a cross-sectional 
exposure area of 50 cm2 • The sampling volume per unit time is proportional to 
the terminal velocity of the raindrops. For a 120-second interval, the sampl­
ing volume of the distrometer for raindrops 1 mm in diameter is about 2m3, 
while, for raindrops 5 mm in diameter, the sampling volume is nearly 5.5 m3. 

~~:E RECORDER 

i' ':' 
' h· 

• 

Figure 3. NHEML raindrop distrometer package. Shown are the Joss transducer 
and processor, pulse height analyzer, tape recorder, and NOAA-designed play­
back system. 
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4. DATA ANALYSIS TECHNIQUES 

4.1 Aircraft Data 

Upon completion of each flight day, the foil from the impactor device was 
dried to prevent corrosion. The data were checked to determine whether the 
impactor was operating properly and were cataloged for delivery to the U. S. 
At the conclusion of GATE, all foil data were inch-marked for time and length 
continuity and subsequently analyzed on a frame-by-frame basis with a Bausch 
and Lomb Quantitative Metallurgical System (QMS). The QMS is an electro­
optical system that employs a vidicon camera and associated logic circuitry 
to allow for fast, automated measurements of a spectrum of particle sizes. 

The analyzed foil data were sorted into 10 .50-mm size categories, the 
first being 0 < D $.50 mm and the tenth being 4.5 mm < D ~ 5.0 mm. 
A correction, similar to that used by Schecter and Russ (1970), was applied 
to the drop imprint diameters to account for spreading of the liquid upon 
impact with the foil. 3 The terminal velocity expression used in the calcula­
tion of the rainfall rate (2) for the aircraft data was derived by Foote and 
Dutoit (1969) to fit the empirical data of Gunn and Kinzer (1949) and has the 
form N 

vo = L: 
j = 0 

a.d 
J 

j 
(3) 

where the subscript zero refers to conditions at 20° C and 1013 mb, d is 
drop diameter, and aj is determined from a least-squares curve fitting tech­
nique. A ninth-degree polynomial (N = 9) was used in the calculation of aj. 
An altitude correction for V(d) as discussed by Foote and Dutoit (1969) was 
also applied, but in the case of the DC-6 foil data collected at or below 
about 3,000 ft, such a correction was negligible. 

A single drop size distribution is derived for each aircraft penetration 
through a precipitation core region. For statistical validity (see Appendix 
C) each drop-size distribution typically has an integrated sample size of at 
least several hundred drops. Finally, from the number concentration of drops 
in each of the 10 size categories, a value of radar reflectivity (1), rainfall 
rate (2), and other related variables, such as liquid water content and slope 
of the best fit curve to the drop size spectra, are calculated for each air­
craft traverse through a precipitation core region.A discussion of statistical 
criteria for the representativeness of drop size distributions sampled with a 
device such as a foil impactor and techniques for using a transformation 
function to calculate the drop size distribution is provided in Appendix C. 

3The expression used in this work has the form: 

DACT = 0.865DIMG 

It was derived and has been applied by Francis J. Merceret (personal communi­
cation) as a simplistic linear best fit to the Schecter and Russ size calibra­
tion data. 
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4.2 Surface Data 

Upon completion of the operational phases of GATE, each tape from the 
distrometer recording system was played back through a processing and display 
unit. Each tape could contain up to about 48 minutes of rainfall data. It 
was usual procedure to record each new shower on a fresh tape, so many tapes 
were only partially filled with data. To achieve the maximum number of indi­
vidual drop spectra (and hence Z-R data points) per shower while, at the same 
time, maintaining a sample volume judged adequate for the accumulation of a 
representative concentration of drops in each bin size, we decided to 
calculate each drop size distribution on the basis of uniform 120-second time 
intervals. This allowed a maximum of 24 distributions (Z-R data points) per 
data tape. In almost all cases selected for detailed study, the integrated 
number of drops in each 120-second interval was at least 100. Two-minute 
segments of distrometer data containing much fewer than 100 drops (integrated 
through all bin sizes) were not considered for further analysis. 

The data processing package allowed each pulse-height analyzed drop to 
be placed into one of 64 discrete size intervals with the maximum drop diameter 
in mm for each drop size category given by the expression 

D = 0.30711M0.65789 (4) 

where M is the category number (1-64). The range of sizes associated with 
each bin is variable, but generally is between .06 and .09 mm. The terminal 
velocity in em sec-1 corresponding to the drop size at the midpoint of each 
category was calculated according to a formulation expressed by Best (1950), 

VT = K { 1-exp [ -(d/a)n]} (5) 

where d is the drop diameter in millimeters and K, a, and n are constants 
with values of 943, 1.77, and 1.147, respectively. Table 3 provides a complete 
summary of the minimum, midpoint, and maximum drop diameters, vertical velo­
city, and sampling volume (for a sampling period of 120 seconds) associated 
with each bin size. Several successive bins can be combined through the range 
of bin sizes to obtain a uniform bin spacing of .25 mm. This is done in an 
effort to smooth irregularities in the drop spectrum resulting from processing 
of bin sizes too small to allow the accumulation of a representative sample 
of drops in each bin. The .25-mm uniform bin size selected for the distrometer 
analysis is about half that (.43 mm) used in the processing of the foil data. 
Table 1, summarizes the combined bin size information, with the midpoint dia­
meter, terminal velocity, and sampling volume corresponding to a 120-second 
sampling period given for each bin size. 

5. RESULTS - AIRBORNE PROGRAM 

Measurements of drop size spectra were obtained during each phase of GATE 
with the majority of data collected during the second phase. Table 5 gives 
the dates, duration, altitudes, and aircraft mission type from which data were 
collected. As can be seen from table 5, a large amount of data, totaling in 
excess of 76,000 em of foil, was collected on 21 days during GATE. The days 
selected for analysis were those on which more than 2000 em of foil were 
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':'e:~2e 3. Pe2e:·.·a.-.::. Lro;;; Size rnfo!'m.::.::inn fo:::: Distrometer Bins 

~inir..u:r. 

Size dia~eter 

category (c-~':'1) 

1 0 
2 0. 30 
3 0.48 
4 i 0.63 
5 I o. 76 
6 \ 0.89 
7 t 1.00 
8 1.10 
9 1. 21 

10 1. 30 
11 1. 40 
12 1.49 
13 1.57 
14 1. 66 
15 1. 74 
16 1. 82 
17 1.90 
18 1. 93 
19 2.01) 
2G 2.13 
n 2.20 
22 2. 23 
2] 2. 35 
24 2.42 
25 2.48 
25 2. 55 
2"1 2.62 
28 2.69 
29 2.75 
30 2.01 
31 2.88 
32 2.94 

Xidroint 
dia;:~eter 

(rr.rn) 

0.15 
0.39 
o.ss 
0.69 
0.82 
0.95 
1.05 
1.15 
l. 25 
1. 35 
1.45 
1. 53 
1. 0~ 
1. 70 
1. 78 
1.86 
1.94 
2.02 
2.09 
2.l6 
2.24 
2. 3:' 
2.38 
2.45 
2.51 
2. 58 
2.66 
2. 72 
2.78 
2.84 
2.91 
2.97 

J .. 0.30711:-P· 65789 where Dis 

"r • A 11- oxp [- (oia) nJ} 

Maximum 
diameter 

(m.-:t) 

Terminal Sar.:pling volurne ~== ... --
(em sec-1) (m3 ) category 

Minimu:n 
dianc:ter 

(tc..m) 

Midpoint 
diameter 

(mm) 

Maximum 
diani2!::er 

(r..r..) 

Ten,-,ina1 
velo:::lty 

(em :>ee-l) 

Sa:::plir.g •tclur;;~ 

for .:,:: = 120 sec 
(r.:~) 

velocity for llt = 121) sec l'l Size 

,------~------------------------------------------

0.30 
0.48 
0.63 
0.76 
0.89 
1.00 
1.10 
1.21 
1. 30 
1.40 
1. 49 
1. 57 
1.66 
1. 74 
1. 82 
1.90 
1.98 
2.06 
2.13 
2.20 
2.28 
2.35 
2.42 
2.43 
2.55 
2.62 
2.69 
2.75 
2.81 
2.88 
2.94 
3.00 

55 
152 
213 
271 
319 
365 
399 
430 
461 
490 
517 
538 
561 
580 
598 
616 
632 
648 
662 
675 
689 
700 
711 
722 
731 
741 
752 
760 
767 
774 
782 
789 

0.33 
0.91 
1.23 
1. 63 
1.91 
2.19 
2.39 
2.58 
2. 77 
2.94 
3.10 
3.23 
3.37 
3.48 
3.59 
3.70 
3.79 
3.89 
3.97 
4.05 
4.13 
4.20 
4.27 
4.33 
4.39 
4.45 
4.51 
4.56 
4.60 
4.64 
4.69 
4. 73 

! 

I 
1( 

I 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

" 44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

3.00 
3.06 
3.12 
3.19 
3.24 
3.30 
3.36 
3.42 
3.48 
3.53 
3.59 
3.65 
3. 70 
3.76 
3,81 
3.87 
3.92 
3.97 
4.03 
4.08 
4.13 
4.18 
4.24 
4.28 
4.33 
4.39 
4.44 
4.49 
4.54 
4.59 
4.63 
4,68 

dro? diameter in millimeters and M is the size bin category. 

3.03 
3.09 
3.15 
3.22 
3.27 
3.33 
3.39 
3.45 
3.50 
3.56 
3.62 
3.67 
3. 73 
3.79 
3.84 
3.89 
3.94 
4.00 
4.05 
4.11 
4.16 
4.21 
4.26 
4.31 
4.36 
4.41 
4 ,t!6 
4.51 
4.56 
4.61 
4.66 
4.70 

3.06 
3.12 
3.19 
3.2.:. 
3.30 
3.36 
3.42 
3.48 
3.53 
3.59 
3.65 
3.70 
3.i6 
3.81 
3.A7 
3.92 
3.97 
4.03 
4.08 
4.13 
4.18 
4.24 
4.28 
4.33 
4.39 
4.44 
4.49 
4.54 
4.59 
4.63 
4.68 
4.73 

795 
SOl 
S07 
814 
SlS 
823 
828 
SJJ 
837 
8~1 
840 
849 
853 
857 
860 
863 
866 
86';1 
872 
875 
877 
8.30 
SS2 
884 
886 
888 
890 
892 
894 
896 
898 
901 

4. 77 
4.81 
4.8~ 

4.88 
4.91 
4.94 
4.97 
5.00 
5.02 
5.05 
S.Gi 
5.10 
5.1:.: 
5.14 
5.10 
5.15 
5.2:) 
5.22 
5.:.:3 
5.25 
5.20 
5.28 
5.29 
5.31 
5.32 
5.33 
5.3.:. 
5.35 
5.37 
5.38 
5.39 
5.41 

where VT is• teroinal velocity in em sec- 1, d is drop dia;neter in mn;, and A, a, and n are canstants with :-es?ectiv<:: 
values of 943, 1.77, and 1.147. 



Table 4. Combined D.f.st.rometer Bins for 0.25-mm Spacing 

Terminal Sampling volume 
Size Distrot:"ietcr Representative Midtloint velocity for .ll.t=l20 sec 

category bins Actual spacing spacing diameter em sec-1 (m 3) 

1 1 0.00 - 0.30 0.00 - 0.25 0.125 44 .26 

2 2 0.30 - 0.48 0.25- 0.50 0.375 146 .88 

3 3, 4 0.48 - 0. 76 0.80- 0.75 0.625 247 1.48 

4 5, 6 o. 76 - 1.00 o. 75 - 1.00 0.875 339 2.03 

5 7, 8 1.00 - 1.21 1.00 - 1.25 1.125 422 2.53 

6 9. 10, 11 1. 21 - 1.49 1.25 - 1.50 1.375 496 2.98 

7 12, 13, 14 1.49 - 1. 74 ·1.50-1.75 1.625 562 3.37 

8 15, 16, 17 1. 74 - 1.98 1. 75 - 2.00 1.875 619 3.71 

>-' 9 18, 19, 20, 21 1.98- 2.28 
'-" 

2.00 - 2.25 2.125 668 4.01 

10 22, 23, 24 2.28 - 2.48 2.25 - 2.50 2.375 710 4.26 

11 25, 26, 27, 28 2.48- 2.75 2.50- 2.75 2.625 747 4.48 

12 29, 30, 31, 32 2.75- 3.00 2.75- 3.00 2.875 778 4.67 

l.l 33, 34, 35, 36 3.00 - 3.24 3.00 - 3.25 3.125 805 4.83 

14 37, 38, 39, 40 3.24- 3.48 3.25 - 3.50 3.375 827 4.96 

15 41, 42, 43, 44, 45, 3.48 - 3. 76 3.50- 3.75 3.625 846 5.08 

16 46, 47, 48, 49 3.76- 3.97 3.75- 4.00 3.875 862 5.17 

17 so, 51, 52, 53, 54 3.97 - 4.24 4.00 - 4.25 4.125 875 5.25 

18 55, 56, 57, 58, 59 4.24 - 4.49 4.25 - 4.50 4.375 887 5.32 

19 60, 61, 62, 63, 64 4.49 -·4.73 4.50- 4.75 4.625 896 5.38 



T.§lble 5. Clo::d-l;i{l.£f!.=!JI:JJ2...;.U',_e_cc:ra ."f_flij:;:uremen_ts_l:f<1dp_ During GATE<_ 

Amount of Number of GATE DC-6 flight Amount of Number of GATE DC-6 "fl i gh<: 
Date foil analyzed rainshaft mission altitude Date foil analyzed rainshaft mission altitt>.:le 

(1974) (em) Eenetrations tlDe (ft) (1974) (C'm} Eenetrations tVEe {ft) 

3 July 586 4 2 (1TCZ crossing) 500 17 August.* 4572 3 2B (box) 500 

12 July* 7112 7 5A4 (railroad) 1300 30 August.* 3048 5 SAl (hox) 300 

1(, July 1500 7 5A/8Al (aborted) 2 September 1543 5 1C2 (line) 850-2000 

29 July* 5080 9 lA (butterfly) 500 3 September 615 4 5B2 (line) 500 

J August* 7620 15 1C2 (line) 5000 6 September* 5080 10 532 (line) 300-800 

5 August* 8890 19 1C2 (line) 300-2000 7 September 421 2 5Bl/6A (L's) 1200 

8 Aut;ust 1800 8 lA (butterfly) 4000 9 September 1100 4 1C2 Bo:.-; (aborted) 300 
1--' 

"' lO August* 7620 12 1A (butterfly) 500 14 September* 5080 7 1C2 (line) 1000 

i 1 ,\ugust* 5588 5 2A-mod (line) 500 17 S!;:!pt.ember 402 2 7A2 (line) 3000 

13 August* 8890 12 lA (butterfly) 500 18 September 1570 4 1 (box, line) 3500 

14 August* 2286 3 SB2 (line) 3000-5000 

* Dates analyzed with more than 2000 em of foil. 



collected. For the 12 days that met the 2000-cm criterion, more than 70,000 em 
of foil were analyzed from 107 rainshaft penetrations. The flight altitudes 
of the DC-6 generally varied between 300 and 1500 ft, aithough several pene­
trations were carried out at an altitude higher than 3000 ft. A complete 
listing of the drop size distributions from each rainshaft penetration is given 
in Appendix A. 

Figures 4a through 4f show composited drop distributions for various rain­
fall rates. The dotted line indicates the mean distribution and the shaded 
area indicates two standard deviations away from the mean. None of the com­
posited distributions showed any marked differences as a function of altitude 
within the range of observations and, for ease of classification, will be 
categorized together as cloud-base distributions. Figure 5 shows drop size 
distributions for five rainfall rates on August 10, 1974. The distributions 
indicate that, for light to moderate rainfall rates, the spectrum decays 
exponentially for drop diameters larger than about 1 mm. For the heavier 
rain rates, the exponential decay commences near a diameter of 1.5 mm. The 
best-fit curve to the drop size distributions given in figure 5 assumes the 
form: 

N(D) N -AD 
o e 

where N0 is the intercept and A is the slope of the best-fit line. 

(6) 

Through the use of (1) and (2), Z-R data points can be computed from each 
drop size distribution to derive a Z-R relationship. Table 6 summarizes the 
Z-R relationships on a day-to-day basis for the 12 days analyzed for GATE. 
The best-fit curves for eight days during which drop size distributions were 
obtained from seven or more rainshaft penetrations are shown in figure 6. It 
is not possible to discern any significant day-to-day variation as a function 
of either flight altitude or mission type. Table 7 gives the rainfall rates 
(mm hr-1) as a function of Z(dB) for the eight days shown in figure 6. It can 
be seen that, for radar reflectivity values between 35 and 50 dB, the daily 
variability of the computed rainfall is quite small. A divergence of the 
calculated daily rainfall rates is noted for Z(dB) values < 35 dB and > 50 dB. 
Only in the latter case, that of extremely heavy rain rates, is the daily 
variability likely to be of any practical consequence to the determination of 
.radar-derived rainfall. 

Since, at reasonable rain rates, there is no indication of high varia­
bility on a day-to-day basis or from mission type to mission type, the total 
data set for the 107 Z-R points can be combined to derive an averaged Z-R 
relationship. Figure 7 shows all of the individual Z-R points and the best-fit 
line to the points derived from a regression of Z, the dependent variable, on 
R, the independent variable. The Z-R relationship 

Z = 170R1 •52 (7) 

has a correlation coefficient of .986, and this relationship is put forward as 
the cloud base Z-R relationship for the GATE area. 
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Figure 4. Composites of drop size distributions for various rainfall rates obtained from DC-6 foil 
data during GATE. 
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Figure 5. Five selected drop size distributions obtained from an analysis 
of DC-6 foil data collected on August 10, 1974. 
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TablE> 6. Daily Cloud-Base Z-R Relationships 

Number of Calculated 
Date rainshaft Z-R Correlation 

(1974) Eenetrations relationshiE coefficient 

12 July 7 Z = 164 R1 • 54 0.99 

29 July 9 Z = 146 RLSS 0. 99 

3 August 15 Z = 261 Rl. 34 0.97 

5 August 19 Z = 176 Rl. 45 0.99 

1.0 August 1.2 Z = 211 R1 •47 0.98 
N 

Z = 163 Rl.SB 1-' 11 August 5 0.97 

13 August 12 Z = 291 Rl. 38 0.98 

14 August 3 Z = 150 Rl. 44 0.99 

17 August 3 Z = 116 Rl. 63 0.99 

30 August 5 Z = 179 Rl.3B 0.99 

6 September 10 Z = 163 Rl. 54 0.99 

14 September 7 Z = 118 Rl. 66 0.99 
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Figure 6. Daily best-fit Z-R relationship curves obtained from an analysis of DC-6 foil data collected 
near cloud base on eight days during GATE. 



Table 7. Rainfall Rates (mm hr-1) as a Function of z (db) for Eight Daily Z-R Relationships Obtained at 
L]ou~ Base During GATE 

1 2 3 4 5 6 7 8 

z (db) 1164 Rl. 
54 146 Rl. 55 261 Rl. 34 176 Rl. 45 211 Rl. 47 291 Rl. 38 163 Rl. 54 118 Rl. 66 

60 298 472 388 317 365 288 232 287 

55 I 136 142 200 175 145 158 136 116 

50 64 68 85 79 66 69 65 58 

45 30 32 36 36 30 30 31 29 

40 14 15 15 16 14 13 14 15 

35 7 7 6 7 6 6 7 7 

"' 30 3 3 3 3 3 2 3 4 w 

25 

I 
2 2 1 1 1 1 2 2 

20 1 1 < 1 1 1 < 1 1 1 

Z (db) = 10 log Z0 (mmGm-3); Z = aRb 

R (mm hr- 1) = ( ~0) k where k=.!:_ 
b 
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Table 8 provides an additional stratification of the total set of Z-R 
points as a function of rainfall rate, Here, all the Z-R points greater than 
the R values indicated in the first column are used to calculate a Z-R rela­
tionship. It can be seen that the rainfall rates computed for 50, 45, 40, and 
35 dB are, for all practical purposes, completely unaffected by the stratifica­
tion by rainfall rate. This is displayed graphically in figure 8 where the 
best-fit Z-R relationship is plotted to data points (not shown) stratified as 
a function of rainfall rate. The best-fit lines to three values of rainfall 
rate (R > 0, R > 7.5 mm hr- 1, and R > 12.5 mm hr-1) are shown. Lines drawn 
to intermediate rainfall values would fall superimposed on the three shown. 
This indicates that the best-fit Z-R relationship is not unduly weighted by a 
predominance of data points at any given rainfall intensity. 

6. RESULTS - SHIPBORNE PROGRAM 

Measurements of raindrop size distributions were taken on board the NOAA 
ship Researcher during the three phases of GATE. Table 9 presents the dates, 
number of showers, number of showers analyzed, and the GATE convective code 
for that day. 4 The table indicates that only nine showers, accounting for 137 
individual distributions, were analyzed from a possible total of 42. This was 
partly the result of a signal-to-noise problem that is inherent in the distro­
meter and partly a consequence of many showers being too light (sampling on 
the periphery instead of the core) to insure an adequate number of drops 
recorded in an acceptable number of bins to derive a representative distribu­
tion. 

Figure 9 shows five drop size distributions from the distrometer for 
various rainfall rates recorded on June 30, 1974. Unlike most drop spectra 
which are characterized by an exponential decay, the distrometer distributions 
do not exhibit such a shape for drop diameters < 2 mm. This feature in the 
drop spectrum is most likely the result of a detection problem of the distro­
meter that occurs when it is placed in a high background noise environment. 
The distrometer transducer is basically similar to a microphone that cannot 
only detect raindrops, but which is also sensitive to background noise. The 
processor unit of the distrometer has a noise-suppression circuit which acts 
to level shift the mean detectable signal to filter out the background noise. 
However, this circuit also eliminates the detection of all raindrops that have 
a signal intensity less than the level-shifted mean detectable signal. 

In the shipboard environment, the background sound level was very high 
with the presence of continuous generator and motor noise. The result of this 
high background noise for the distrometer measurements is that all drop sizes 

< 1 mm were completely eliminated, and the number of drops recorded in the 
1- to 2-mm range was greatly reduced. An attempt has been made to account for 
this problem in the analysis by extrapolating a best-fit curve to the distri­
bution of drop sizes not affected by the noise problem back to small drop 
.diameters in a consistent manner. Figure 10 illustrates how the drop size 
distributions for the five rainfall cases on June 30 (shown in figure 9) can 

4A detailed description of this convective code adopted by the GATE ships is 
found in GATE Information Bulletin #8, September 1, 1975. 
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Table B. Cloud-Base Best-fit Z-R Relationships as a Function of Rainfall Rate 

R at R at R at R at 
Correlation 50 db 45 db 40 db 35 db 

Stratification No. data points Z-R relationship coefficient rom hr-1 mm hr-1 nun hr-1 mm hr-1 

All data 107 Z = 170 R1 · 52 0.986 66 31 15 7 

R > 2.5 mm hr-1 100 Z = 173 R1,S 1 0.980 67 31 15 7 

R > 5.0 mm hr-1 86 Z = 186 Rl. 49 0.974 68 31 15 7 

R > 7.5 mm hr-1 63 Z = 192 R!. 4 8 0.949 68 31 14 7 

R > 10.0 mm hr-1 56 Z = 138 Rl.SS 0.941 65 31 15 7 

N R > 12.5 mm hr-1 49 Z = 140 R!.SS 0.937 64 31 15 7 
a-
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Table 9. Catalo~ of GATE Distrometer Data from the NOAA Shi£. "Researcher" 

DATE No. of showers No. of shmmrs analyzed Convective code 1 

6/28 3 0 2-3 

6/29 1 1 1-2 

6/30 4 1 1-3 

7/2 1 0 2-3 

7/3 1 0 1 

7/4 1 0 1 

7/7 1 0 1-4 

7/8 2 1 1-3 

7/14 1 0 1-4 

7/28• 3 1 3-4 

8/2 2 1 3-4 

8/3 2 0 4 

8/12 2 0 3-5 

8/18 2 1 intercomparison 

9/2 1 0 3-4 

9/4 2 1 3-4 

9/5 2 0 2-3 

9/12 2 0 3-4 

9/16 5 2 2-4 

9/17 1 0 2-3 

9/19 1 0 2-4 

9/21 2 0 intercomparison 

1 Code 1: extremely depressed convection; Code 2: moderately-slightly 
depressed convection; Code 3: weakly enhanced convection; Code 4: 
moderately enhanced convection; Code 5: strongly enhanced convection. 
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be modified by extrapolating backwards from the large end of the spectrum. 
The most logical way to test the validity of this technique from available 
data was to compare the derived precipitation amounts from the integrated 
modified distrometer distributions to those from the siphon gages (located on 
the mast and boom) or from the wedge gages (located elsewhere on the ship). 

Table 10 shows the 6-minute averaged precipitation amounts for the .siphon 
gage, the indicated distrometer, and the corrected (modified) distrometer 
data for a shower which passed over the Researcher on July 8, 1974. The cor­
rected distrometer amounts are slightly less than those for the siphon gage, 
but provide a much better comparison with the gage than do the uncorrected 
distrometer amounts. The siphon gage data were available for September 4 and 
16, 1974, and a similar correction procedure was carried out for those days. 
Siphon gage data were not available coincident with usable distrometer data 
on any other day. The available wedge gage data were unsuitable as a basis 
for intercomparison with the distrometer because the gages were read too in­
frequently (once every 6 hours). It was decided, therefore, that for these 
cases, the best way to correct the distrometer was to extrapolate the drop 
size distributions back to small drop diameters in the same manner as that 
which had been applied to the three days with siphon gage data. 

Figure 11 shows composited drop distributions (from the uncorrected data) 
for eight rainfall rates. The solid line indicates the mean distribution and 
the shaded area is a measure of two standard deviations away from the mean. 
These composites appear to exhibit the same general trends as a function of 
rain rate as those from the aircraft, although the drop concentrations at 
small diameters (D < 2 mm) generally are reduced compared with those from the 
aircraft (sampling problem just discussed), and these distributions are some­
what narrower (fewer. large drops) than are those from the aircraft. A complete 
listing of the drop size distributions for each 120-second interval of each 
shower is given in Appendix B, both for the raw (uncorrected) and modified 
distrometer data. 

Again, through the use of (1) and (2), Z-R points can be derived from each 
drop. size distribution. Table 11 presents the Z-R relationship for the actual 
and modified distribution for each of the nine showers sampled. Figures 12 
and 13 show the shower-to-shower variability for the Z-R relationship derived 
from the modified and unmodified drop distribution data, respectively. It can 
be seen that the daily variability of the Z-R relationship derived from the 
distrometer data is considerably greater than that derived from the foil 
impactor data shown in section 5. This is particularly true in the case of 
the modified data set. Table 12 gives the rainfall rates (mm hr-1) as a 
function of Z(dB) for the eight modified case days shown in figure 10. The 
rainfall rate variability from case to case within the Z(dB) range of 35 to 50 
is considerably greater than that derived from the foil data shown in table 7. 

Since all the distrometer data is taken from approximately the same fixed 
location, and since there are not enough shower cases to determine the Z-R 
variability as a function of different types of synoptic conditions, the total 
data set was combined to derive an averaged Z-R relationship. Figure 14 shows 
all of the modified Z-R points along with the best fit line to the points. 
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Table 10. Comparison of Distrometer-Derived Rainfall with that from Siphon 
Gage on Board "Researcher" 

6-minute averaged, July 8, 1974 - Researcher 

Distrometer 
Time Siphon Gage (mm) Uncorrected Corrected 

1745-1751 6.2 3.5 4.6 

1751-1757 10.9 6.7 12.0 

1757-1803 9.3 5.1 7.8 

1803-1809 7.6 3.0 6.3 

1809-1815 6.7 1.7 2.4 

1815-1821 3.9 1.0 1.4 

1821-1827 7.3 2.6 4.5 

1827-1833 6.4 2.1 3.3 

Total 53.8 24.7 42.3 

32 



COMPOSITE - GATE DISTROMETER 

•oo I ' ' I •oo I ' ' I •oo •oc 

1 
,_, mm'"' " ! • Omm'"' I I ~ •-w mm'"' I I \ '"mm'"' 

E 

!+ \ l + ' ~ "~ ' ~ " 
~ 

"' :::> 
l) 

w tr 
w w 

0.. 

tr 
w 
"' ::;; 
:::> 
z 

!I- ' --l 11-- \ -

I··'· I I",' I L.:....c I ID 
2 3 4 1 2 3 4 1 2 3 4 1 2 3!4 

DROP DIAMETER (mm) 

Figure 11. Composites of drop size distributions for various rainfall rates obtained from "Researcher" 
distrometer data during GATE. ! 



,, I 
E 
E 

I() 
N 

~~or 
u 
iii 
::J 
u 

w cr: ..,. w I Q. 

cr: 
w 

I Ill 
::;; 
::J 
z 

E 

Figure 11. 
,. 

'001 
I I 

I 20mm/hr 

' ,, ,_ 

' -4 101-
\ 
\ I I 

' I I 

' • I 
' 

2 3 4 

COMPOSITE - GATE DISTROMETER 

\~~.,.I 
100 I ... 

'\ 

F 

2 

-4 10 I-

\ I I 40mm/hr 

r 

G 

3 4 1 2 

DROP DIAMETER (mml 

I 

• 
• 

3 

I 
100 

-4 10 

I I 50mm/hr 

H 

4 2 3 4 

Composites of drop size distributions for various rainfall rates obtained from "Researcher" 
distrometer data during GATE. 



w 

"' 

Tublt:! 11. Dll}l'l ?.-R Rclationshipr. from .C:h_!_!l _'.'?.:':!:!:~r:=..h.!!..r::'.. _____ ------· 

Distrometer 
start time No. data 

Date (1974) Tape ID (G!IT) points 

29 June 1P04 NA B 

30 June 1P05 NA 24 

8 July 1Pl4 1745 24 

28 July 2P01 NA 19 

2 August 2P05 2126 17 

18 August 2Pll 0750 19 

4 Septernber 3P03 1845 B 

16 September (a) 3P08 1020 10 

16 September (b) 3P09 1112 B 

ALL DATA -- -- 137 

Note: Sample time 120 sec per data point. Drop distribution modified in 
small size range. See Appendix B. 

.., ....... ___ --·--- -----· 

Best-fit Best-fit 
Z-R relationship 

(modified data) 
Correlation Z-R relationship Correl.ativn 
coefficient (actual data) coefficie:lt 

Z .. 142RLlg 0.98 Z .. 375Rl.l9 0.99 

Z .. 94RL 4l 0.99 Z • 495Rl.l8 0.96 

Z = 296Rl. ZJ 0.97 Z = 294Rl.36 0.98 

Z = 159Rl.JO 0.95 z .. 699R1.09 0.93 

Z = 197Rl.Qg 0,99 z .. 432aL07 0.99 

Z "' 61Rl. SJ 0.98 Z .. 402Rl.25 0.99 

Z = 363Rl.OJ 0.99 Z "' 582Rl.03 0.96 

Z • 297Rl.lZ 0.98 z - 487Rl.24 0.99 

Z .. 296Rl.l2 0.99 Z • 395R1.13 0.9S 

Z .. 170Rl.Z9 0.97 Z "'" 484Rl.l9 0.98 



w 
a-

2 10 / /////./ 

~ 

I .... 
..r:::. 

E 10
1 

E 
~ 

w 
1-
<l 
0:: 

-' 
-' Lt10° 
z 
<l 
0:: 

102 

DAILY VARIATIONS IN BEST -FIT 
·z -R RELATIONSHIP FROM 

11
RESEARCHER

11 
DISTROMETER 

DATA (Modified) 

Z = 94 R1.41 
2 Z = 61 R 1.53 
3 Z=142R1.19 
4 Z =159 R 1.30 
5 Z =197 R 1.09 
6 Z =296 R 1.1 2 
7 Z =296 R1.23 

Z=363 R1.03 

103 

RADAR REFLECTIVITY 
104 105 

(mm6 m-3) 
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Table 12. Rainfall Rates (mm hr-1; as a Function of Z(db) for Eight Daily Z-R Relationships Obtained 
at the Surface (Shipborne) During GATE 

Z(db) 94Rl.41 61Rl.53 141Rl.19 159Rl.30 197Rl.09 296Rl.12 296Rl.23 363Rl.03 

55 317 271 654 345 873 506 291 715 

50 140 128 248 142 303 181 114 234 

45 62 60 95 49 106 65 45 76 

40 27 28 36 24 37 23 18 25 

35 12 13 14 10 13 8 7 8 

w 
00 

30 5 6 5 4 4 3 3 3 

25 2 3 2 2 2 1 1 1 

20 1 1 1 1 1 < 1 < 1 < 1 
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Figure 14. Best-fit Z-R relationship drawn to all data points obtained through an analysis of modified 
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The Z-R relationship 

Z = 170R1 · 29 (8) 

obtained by regressing the dependent variable Z on the independent variable 
R has a correlation coefficient of .97, and it is this relationship around which 
discussions of the distrometer-derived surface Z-R relationship for the GATE 
area5 in section 7 are based. 

Table 13 provides an additional stratification of the distrometer-derived 
best-fit Z-R relationship as a function of rainfall rate. It can be seen that 
the elimination of the 33 data points associated with light rainfall rates 
( < 5.0 mm hr- 1 ) results in a Z-R relationship with a greater slope and tends 
to decrease R at a high value of Z (50 dB). The change in R for moderate 
values of Z (35 dB to 45 dB) is not strongly noticeable, however. Figure 15 
provides the best-fit Z-R relationship curves drawn to data points (not shown) 
stratified as a function of three rainfall rates (R > 0, R > 7.5 mm hr-1 , and 
R > 12.5 mm hr- 1). The best-fit lines for the other rainfall rates given in 
table 13 would fall b~tween those shown in figure 15. 

7. DISCUSSION OF RESULTS 

The drop spectra measurements obtained during GATE with the foil impactor 
on the NOAA DC-6 aircraft provide a consistent set of derived Z-R relationships 
that have only minor, day-to-day variability (fig. 6), The practical conse­
quence of this is shown in table 7, where it can be seen that, within the range 
of the highest6reflectivity values (30 to 50 dB) that are most likely to occur, 
similar rainfall rates are computed from each of the daily Z-R relationships. 
Stratification of the foil-derived set of Z-R data points on the basis of rain­
fall rate (table 8) makes no practical difference to the calculated rainfall 
rates for values of radar reflectivity ~ 50 dB. The foil data provide drop 
distributions that are, in most cases, monomodal and feature an expected 
exponential decay in concentration for drop sizes ~ 1 mm in diameter (e.g., 
fig. 5). The mass integration of the drop size spectrum obtained through the 
foil analysis·usually gives shower-averaged rainfall contents of order 
1 gm m- 3 , a value which appears to be quite reasonable. 

. . 
The raw (unmodified) drop-spectrum measurements obtained with a raindrop 

distrometer on the NOAA ship Researcher exhibited strong peculiarities at drop 
sizes £2 mm. This was most likely caused by insensitivity of the instrument 
to small drop sizes due to a high level of continuous shipboard noise, As 
is evident from curve #4 in figure 9, the distrometer-derived drop distributions, 
on occasion, showed a suspicious-looking multimodal tendency. A comparison of 

5Note that the relationship Z = 170Rl.29 was 
data collected on the NOAA ship Researcher. 
GATE ships are not discussed in this report. 

derived only from the distrometer 
Results from distrometers on other 

6Geotus (personal communication) has calculated a mean radar reflectivity value 
of 26 dB with an 8-dB standard deviation for observations taken on board the 
Gilliss during Phase 3 of GATE. This would indicate, if we assume a normal 
distribution of reflectivity values, that Z would be expected to exceed 44 dB 
on only about 5 percent of all occasions. 
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Table 13. Best-fit Z-R Relationships as a Function of Rainfall Rate (From 
11

Researcher" Distrometer Data) 

R at R at R at R at 
No. data Correlation so db 45 db 40 db 35 db 

Stratification :eoints Z-R relationshiE coefficient mm hr-1 nun hr-1 mm hr-1 mm hr-1 

All data 137 Z = 170 Rl. 29 0.970 140 57 24 10 

R > 2.5 mm hr-1 122 Z = 131 R1•37 0.967 127 55 24 10 

R > 5.0 mm hr-1 104 Z = 100 R1. 45 0.963 117 53 24 11 

R > 7.5 mm hr-1 91 z = 99 Rl. 45 0.960 118 53 24 11 

R > 10.0 mm hr-1 72 z = 92 Rl. 47 0.950 116 53 24 11 

..,. R > 12.5 mm hr-1 61 z = 90 R1.48 0.947 114 52 24 11 
,.... 
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Figure 15. Best-fit Z-R relationship curves as a function of rainfall rate obtained from an analysis 
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figure 9 with figure 10 demonstrates the type of modification necessary to 
produce drop spectra, the integration of which provide mass (rainfall depth) 
measurements more consistent with those obtained by shipboard gages. 

The degree to which the best-fit Z-R relationship derived from the raw 
(unmodified) distrometer data differs from that derived from the corrected 
(modified) distrometer data can be seen by comparing curves #3 and #4 in 
figure 16. The Z-R relationship derived from the raw data set has a slightly 
steeper slope (1.19) than that derived from the mod_ified data set (1. 29), but 
the Z-axis intercept (at R = 1) of the latter (170). is much less than that of 
the former (484). The crossover point for the two curves occurs near a Z 
value of 70 dB (rainfall rate approximately 4SOO mm hr-1 ) with increasing 
divergence between the curves at values of Z < 70 dB. As can be seen from the 
distrometer section of table 14, this results in a rather large percentage 
difference in computed rainfall rates between the two curves for all reflectiv­
ity values < 60 dB. Since the range of radar reflectivities of greatest 
frequency of occurrence within the GATE B-scale array probably lies between 
20 and SO dB, a shift in the best-fit Z-R relationship from the raw to the 
modified distrometer data set will make a significant difference to the calcu­
lated total rain depth as determined from radar. 

A comparison of curves #1 and #4 in figure 16 reveals that the best-fit 
Z-R relationships derived from the aircraft untransformed (raw) foil data and 
the shipboard-modified distrometer data also diverge from each other. In this 
case, the crossover point is near 23 dB, but, by SO dB, the difference in rain 
rates derived from the two curves exceeds a factor of 2 (see table 14). It 
is clear·, therefore, that the best-fit Z-R relationships for the aircraft 

·(DC-6) foil and shipboard (Researcher) distrometer data are not in close agree­
ment. No attempt has been made to derive a best-fit curve from the combined 
distrometer/foil data set in this study. 

A comparison of figure 9 with figure 10 shows that the corrections which 
had to be applied to the distrometer drop-distribution data at the small end 
of the spectrum were appreciable. The small end of the drop spectrum was 
molded by correction factors which, though intuitively consistent with what 
might reasonably be expected, were applied somewhat arbitrarily. The differences 
in rainfall rate resulting from such corrections are dramatically apparent in 
figure-10 where ·the actual and modified ·rainfall rates for each of-the f-ive 
curves are shown. The rainfall rates derived from the modified data set were 
·about a factor of 3 greater than those derived from the actual data set for 
curves #2 through #S. The very light rainfall case, curve #1, was modified by 
nearly an order of magnitude in rain rate. Although it is clear from the 
unmodified distrometer data shown in figure 8 that some correction at the 
small end of the spectrum is necessary, we are not comfortable with the signi­
ficant changes that such corrections can make to the rainfall rates. The 
resultant best-fit 3-R relationship to the modified distrometer data has been 
shaped as much, or more so, by the corrections as by actual recorded data. 
Therefore, we are forced to question the advisability of relying upon the 
Researcher distrometer as a source of data for the derivation of a valid 
Z-R relationship for the GATE B-scale array. 

Figure 16 and table 14 also· give results for the DC-6 foil data trans­
formed through use of a cumulative distribution function. A discussion of the 
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Table 14. Rainfall (mm hr-1) as a Tunction of Radar Reflectivity (db) for Various GATE Z-R Relationships 

Cloud base foil imEactor data SUrface distrometer data . 
(untransformed) (transformed with CDF)l (unmodified) (modified) 

Z(db) Z = 170 RL 52 Z = 238 Rl. 57 Z = 484 Rl. 19 Z = 170 Rl. 29 

60 302 203 611 836 

55 142 98 232 342 

50 66 47 88 140 

45 31 23 34 57 

40 15 11 13 24 

35 7 5 5 10 

30 3 2 2 4 

25 2 1 <1 2 

1
Transformation of foil data through use of a cumulative distribution function (CDF) is discussed in detail in 
Appendix C. 



rationale and procedure for using such a transformation is presented in 
Appendix C. Results from the analysis of the untransformed foil data have 
been presented in the main text because this type of approach is consistent 
with the many Z-R observations recorded in the literature (e.g., table 1). 
Although a discussion of the procedure for transforming drop size data through 
use of a cumulative distribution function has been relegated to an appendix, 
mainly because of the unconventional nature of that type of analysis, the 
authors have confidence in the technique and feel that it deserves attention. 
It can be seen from figure 16 that the slope of the best-fit curve for the 
untransformed foil data differs little from that for the transformed data. 
Table 14 shows that the·rainfall rates computed from the two best-fit curves 
differ consistently by about a factor of l.S over the whole range of reflectiv­
ity values, the rainfall for the transformed data being lower. 

For the sake of consistency with other published data, the authors 
suggest that the best-fit curve to the untransformed foil data 

Z = 170Rl.S2 (9) 

best represents the Z-R relationship for the area of the GATE B-scale array. 
The rain rates as a function of Z derived from (9) give R values of 66, 31, 
lS, 7, and 3 mm hr-1 for Z values of SO, 4S, 40, 3S, and 30 dB,

1
respectively. 

This can be compared to R values of 49, 24, 12, 6, and 3 mm hr- for the 
corresponding Z values (SO, 4S, 40, 3S, and 30 dB) derived from the "classical" 
Marshall-Palmer (1948) relationship 

Z = 200R1 · 6 • (10) 

It can be seen that differences in rain rates derived from the two expressions 
diverge and begin to become appreciable for Z > 40 dB. 

8. SUMMARY AND CONCLUSIONS 

Drop spectra data were obtained during GATE with a foil impactor mounted 
on the wingtip of a NOAA DC-6 aircraft and a distrometer exposed on the flying 
bridge of the NOAA ship Researcher. Foil data were collected at or near 
cloud base and were analyzed on a per-rainshaft-penetration basis by an opti­
cal scanning device for 12 GATE days, most of which'occurred during the second 
phase. The distrometer data were analyzed in 2-minute intervals for the dura­
tion of nine showers that occurred during 8 GATE days. Values of radar reflect­
ivity (Z) and rainfall rate (R) were calculated as a function of the drop size 
distribution for each analyzed unit. A total of 107 Z-R data points are 
available from the foil analysis, and 137 Z-R data points are available from 
the distrometer analysis. 

The drop spectra derived from an analysis of the foil data appear reason­
able in terms of an exponential decay of the form 

N(D) = N e-AD 
0 

(11) 

for D ~ 1 mm. The drop spectra derived from an analysis of the distrometer 
data, however, are not found, for the most part, to decay exponentially for 

46 



D ~ 2 mm, It is suspected that a continuous level of shipboard noise resulted 
in a loss of instrument sensitivity for drops ~2 mm in diameter. A modifica­
tion of the small end of the drop spectra obtained from the distrometer analy­
sis was attempted with siphon gage data as a means of ground truth comparison. 
The modification to the spectra resulted in substantial changes in distrometer­
derived rainfall rates and calculated radar reflectivities. 

The best-fit Z-R relationship to the modified distrometer data set has 
the form 

Z = 170R1· 29 

The best-fit Z-R relationship to the foil data (without any transformation) 
has the form 

Z = 170R1 · 52 

Although the Z-axis intercept (at R = 1) is identical in the two expressions, 
the slopes are sufficiently different to induce rather large differences in 
R as a function of Z over the important range Z = 30 dB to Z = 50 dB. We 
have chosen not to attempt to derive a best-fit expression to a combination 
of the two sets of data, since each set appears to be mutually exclusive, 
Because of the arbitrary nature of the rather significant modifications which 
had to be made to the drop spectra derived from the distrometer, we feel that 
most weight should be placed on the cloud-base Z-R relationship (9) obtained 
through the analysis of the foil data. 

A method of transforming the foil drop spectra data through a cumulative 
distribution function is described in Appendix C. This technique allows for 
the derivation of a best-fit equation to a histogram of drop sizes while main­
taining internal consist·ency between the total drop concentration and the 
integrated mass of rain water. The main advantage of applying the technique 
is the alleviation of sampling volume problems which can occur at the large 
end of the spectrum. This technique is unconventional and inconsistent with 
the manner in which previously published Z-R relationships have been obtained, 
but it is felt that such an approach has considerable merit and may be 
utilized more in the future. 
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Appendix A 

Drop Size Distributions from the DC-6 Foil Impactor 

This appendix presents the complete list of 107 drop size distributions 
collected near cloud base for the 12 days analyzed for GATE. The heading 
section for each drop size distribution contains the date, beginning time, 
sampling duration, and sampling volume for that distribution. It also gives 
the computed Z and R values from the actual and cumulative distribution 
function, CDF (see Appendix C) data. Column 1 gives each of the 10 drop size 
categories. Columns 2 and 3, respectively, give the midpoint diameter for that 
category and the actual number of drops measured in that category. Columns 4 
and 5, respectively, show the normalized distributions for a ~D spacing of 
.432 mm and the normalized distributions for a ~D spacing of 1.0 mm for the 
actual data set. Columns 6, 7, and 8 present the data derived from the cumu­
lative distribution function. Column 6 gives the number of drops in each drop 
size category and columns 7 and 8 present the normalized distributions for 
a ~D spacing. of .432 mm and a ~D spacing of 1.0 mm, respectively. 
The minimum and maximum drop diameters for each size category are given at the 
end of table A-1, page 70. 
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Table J.-1. Q;g:~p~,r_;ibqtion Ddta..Qbtain_ed_ __ ,'lle r1t u1 R; FY rr-,; Pr i1 

Midpoint l I Actual I Actual I CDF CDF I Midpoint I Actual I Actual ! CDF j CDF 
Dt'op size diameter !Actual 1. 110. no. CDF no, no. Drop size diameter Actual I no. 1. no.,. CDF 1. no._,, 1. no, •. 
cate2on (rnm) no. l\m3Ao-l) (m3rr:rn-1) I no. m3l!o-l) l<m3mm-l) cate~ ~lmm) no. (m3t,o-1) .·(II!3Tl'l!'.l-lJ no.' \m3~!J-l;_ (!:!3r.J!"l-l) 

j 12 July 74 Pass duration: 253 sec j 12 July 74 Pass duration: 33 sec 
~Begin time: 142514 GMT Sample volume: 7.6 I Beqin time: 161037 GMT Sample volume: 1.0 i 
! Z(ACT) = 1091; R(ACT) = 3.5; Z(CDF) = 1499; R(CDF) = 3,3 Z(ACT) = 69; R(ACT) = 0.5; Z(CDF) = 94; R(CDF) = 0.5 i 

1 I 0.22 I 2556 I 338 I 782 I 3328 I 440 1018 1 0.22 ,. 366 368 852 ! 410 : 412 954 
2 0.65 II 1704 225 I 521 1260 166 384 2 0.65 138 139 322 92 I 92 213 
3 I 1.08 770 102 236 477 63 146 3 1.08 22 22 51 I 20 : 22 51 
4 1. 51 1 27'' 36 83 180 24 55 4 1.51 2 2 5 : 5 5 12 
5 I 1.94 i 44 6 14 68 9 21 5 1.94 - _ -

1

. _ i _ -
6 2.38 I 7 ~ 1 2 26 3 7 6 2.38 - - - - i - -
1 2.81 I - I - - -. - - 1 2.81 - - - I - ' - -
8 ! 3. 24 - - - - - - 8 3.24 - - - ' -I - . -
9 : 3.67 _ _ _ _ - _ 9 •

1 

3.67 - - - 1 - - ~ -
10 ' 4.05 : - - - I - - - 10 4.05 - - - I - I - -

I I I I ' I I 

1 12 July 74 Pass duration: 43 sec I 12 July 74 Pass duration: 53 sec ~ 
; Begin time: 144014 GMT Sample volume: 1.3 Begin time: 163327 GMT Sample volu:ne: 1.6 i 
I Z(ACT) = 2870; R(ACT) = 6.5; Z(CDF) = 3666; R(CDF) = 5.6 Z(ACT) = 1617; R(ACT) = 4.8; Z(CDF) = 1979; R(CDF) = 4.2 ! 

1 I 0.22 I 374 289 J 669 464 359 831 1· 0.22 521 327 757 1
1 

6851 430 995 

~ ! ~:~~ ! i;; ib! I ~:~ 2~~ 1~~ i~~ ; ~:;~ ~g igi jb~ ii~ ~- 1~i ~~~ 
4 1 1.51 68 53 123 40 31 72 4 1.51 77 48 111 46 29 I 67 
5 I 1. 94 27 21 49 18 .14 32 5 1. 94 14 9 21 19 12 28 
6 2.38 4 3 7 8 6 14 6 2.38 3 2 5 8 5 1 12 
1 I 2.81 1 1 2 4 3 7 7 2.81 - - - - - I -
8 I 3.24 I - - - - - - 8 3.24 - - - - - i -
9 · 3.67 I - - - - - - 9 3.67 - - - - - -

10 4.05 I - I - - - - - I 10 ! 4.05 - - i - ' - - I -

~ 

: 12 July 74 Pass duration: 143 sec 12 July 74 Pass duration: 60 sec ; 
'I Beqin time: 153521 GI1T Sample volume: 4.3 Begin time: 165749 GMT Sample volume: 1.8 1 
, Z(ACT) • 2221; R(ACT) = 5.7; Z(WF) = 2299; R(CDF) = 4.8 Z(ACT) = 19274; R(ACT) = 20.0; Z(CDF) = 20468; R(CDF) = 15.6. 
' 

' I I I I ' I i I ' 
1 0.22 !1432 334 I 773 1939 453 .1049 1 I 0.22 449 250 I 579 1 448 249 I 576 
2 0.65 11042 243 562 809 189 437 2 0.65 162 90 208 i 253 141 I 586 
3 1.08 567 • 132 305 337 79. 183 3 1.08 137 76 176 !143 ! 8o 1 185 
4 1.51 199 46 106 141 33 76 4 I 1.51 108 60 139 81 i 45 I 104 
5 ! 1~94 I 74 17 39 59 14 32 5 I 1.94 89 I 50 116 I 461 26 60 
6 2.38 12 3 7 24 6 14 6 2.38 62 35 81 25 14 32 
7 2.81 - - - - - 7 2.81 18 10 23 15 8 19 
8 3.24 I - - - - - 8 3.24 5 3 7 I 8 5 12 
9 3.67 _ _ _ _ _ _ 9 3.67 1 1 , 'I 3 1 

10 4.05 - - - - - - 10 4.05 I - - - I - - -
____ ..:_ ___ .!_ __ ...:... ___ .!_ __ ___!c.__ _ _!_ __ -. -- - I I . 



lJ> 

"' 

?~r..·~~+~-'-~'"W}~~!-J,·-~ r·'"" ."-"·--~~-~c;~;: l'"·:::r~~~;~l~Efd~;~!I~·r::~-·,:::";';;;~~~~ --~----,- --- -·· -- .·---~·-····-~-----
lm'=-1) I no.: (m36n-l) I (m>mm-1) II category I (mm) I 

t=JF 
no. 

) .. J ) ] { ~~ ':.:: .. - : ) 
.. .. 

----·-·----------
duration: 73 sec 
e volume: 2.2 
') = 32367; R(COF) = 23.4 

-
I ' 1 

I 
0.22 376 171 3~6 654 298 690 

2 0.65 360 164 380 386 176 407 
3 1.08 293 134 310 228 104 241 
4 I Ln 261 119 275 135 61 141 
5 1.94 

I 
176 BO 185 79 36 83 

6 2.38 76 35 81 47 21 49 
7 2.81 31 14 32 28 13 30 
8 3 21, 15 7 16 16 7 16 

I I 9 3.6i B 4 9 10 4 9 
10 I 4.05 I - I - - - - -

I I I I 

: Begin ti1:1-~: 115300 GIH Samp1e volume: 1.6 
l 29 .July 74 Pass duration: 53 sec ~ 
~ Z(ACT) = 2'0; F.(ACT) ·_ 1.3; Z(CDFJ. =_ 161; R(COF) = 0.7 

I 
1 0.22 139 e1 201 263 164 380 
2 0.65 155 97 225 102 64 148 
3 1.08 121 76 176 40 25 58 
4 l.:H 15 9 21 15 10 23 
5 1.94 - - - - - -
6 2.38 - - - - - -
7 2.81 - - - - - -
8 3.24 - - - - - -
9 I 3.67 

I 
- - - - - -

10 I 4.05 - - - I - - -
' 

;-2g July 74 Pass duration: 33 sec ] ! Begin time: 115301 GMT Sample volume:· 1.0 
j Z(ACT) = 792; R(ACT) = 3.3; Z(CDF) = 826; R(COF) = 2.3 
I 

.! 

I 
1 262 

I 
1 0.22 111 111 257 263 609 
2 0.65 154 155 359 113 113 262 
3 1.08 162 163 377 49 49 113 
4 1.51 30 30 69 21 21 49 
5 1.94 3 3 7 9 9 21 
6 2.38 - - - - - -
7 2.81 - - - - - -
6 

I 
3.24 - - - - - -

9 3.6) - -
I 

- - - -
10 4.05 - - - - - -I I - -

o=--==--:"=---~---""-'-'' .. '"'~..1~::..1.;; .... ;_ ~ .. - ...... . ' ··-. ', ... 
-.~---""-""'=~ 

·-------------- -.--- ---------······-··--·-· --·---
29 July 74 Pass duration: 80 sec 
Begin time: 122400 GI1T Sam!}le volume: 2.-1 

' 

Z(ACT) = 2209; R(ACT) = 5.3; Z(CDF) = 3229; R(CDF) = ~ 3 

•-------·-- . ---- -- ·------·--
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

I 
0.22 . 95 40 93 383 1 
0.65 209 87 201 194 
1.08 312 131 303 99 
1.51 123 51 116 so 
1.94 32 13 30 26 I 
2.38 6 3 7 " I 2.81 1 .5 1 7 
3.24 - - • -

I 
- ' 3.67 - - - -

I 
4.05 - - - -

I .. . . "" . 

60 -

1 

370 
81 187 

" I 95 
21 ' L.9 
11 l 25 

5 i 12 
3 ' 7 

~-·-·J. . - . ·-- -------- ------· --
29 July 74 Pass duration: 107 sec 
Begin time: 123244 GMT Sample volume: 3.2 
Z(ACT) = 5672; R(ACT) = 9.8; Z(COF) = 5625; R(CDF) = 7. 

---·---· . -·- --
I 

11293 I 0.22 1095 344 796 ' 0.65 608 191 442 609 l 
1.08 398 125 289 287 
1.51 188 59 136 135 
1.94 110 35 81 64 
2.38 43 13 30 30 
2.81 3 1 2 14 

I 3.24 - - - -
' 3.67 - - - - i 4.05 - - . - -

.~ .. .. --···- ---··---·····--·--· .. - ---- ·-------
29 July 74 Pass dura~ion: 27 sec 
Begin time: 130500 GIH Sample volume: 0.8. 
Z(ACT) = 2537; R(ACT) = 5.7; Z(CDF) = 3589; rt(CDF) = 4. 

9 

06 
91 
90 
42 
20 

9 
4 

,-·--· 
i 940 
I 4l.2 
I 208 
I 97 
I '6 
I 2~ 

I 
--·-~) 

9 

-------·· ----·- . -- . -------- -·-··- ------

I 
' 

lllo 1 0.22 56 70 I 152 2 
2 0.65 99 124 287 I 83 1 
3 1.08 122 153 354 41 
4 1.51 45 56 130 20 
5 1.94 8 10 23 10 
6 2.38 2 3 7 5 
7 2.81 1 1 2 2 
8 3.24 - - - -

13 

I 
493 

04 241 
51 llS 
25 i 58 
12 ! 28 

' 6 I 14 
3 ! 7 

I 
' 9 3.67 - - - - I 

10 4,05 - - - ---- I .. L.-
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1
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j ~lidpoint I 1 Act11al Actual CDF CDF Midpoint Actual Actual j C!JF 
l•rop size 'diam~t-'lr I Actu<-~1 no. no. CDF no. no. Drop size diameter Actual no. no, CDF I nn. 
cat.:;,sorv : 'mm) I no. I (ml,o-1) I (m'mm_~1) I n~~ (m'6D-1) (m~mm-1) cat:::<. ___ ~~) I no. (ml6n-1) (mlmm-1) n:;. ;(~M>-~2 

f29July 74-- Pass duratlon: l...J sec 
Sample volume: 0.7 _j 

1 29 July 74 - Pass duration: 160sec 
Sample volume: 4.8 

Z(COF) = 624; R(COF) = 1.7 
, Begin time: 130501 GMT 
I Z(ACT) = 1035; R(ACT) = 4.0; Z(COF) = 1061; R(COF) = 3.1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

I 0.22 
0.65 
1.08 

1 1.51 

I 
1.94 
2.38 
2.81 

.I -~." 3.67 
4.05 

I 

239 
200 
106 

27 
4 

343 
287 
152 

39 
6 

794 
664 
352 

90 
14 

356 
136 

52 
20 
8 

Begin time: 144950 GMT Sample volume: 3.9 

511 
195 

75 
29 
11 

cl29 July 74 Pass duration: 130 sec 

1 Z(ACT) = 7553; R(ACT) = 13.9; Z(CDF) = 11877; R(CDF) = 11.5 
! 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
:.s1 
1.94 
2.38 
2.81 
3.2tl 
3.67 
4.05 

254 
507 
838 
418 
181 

56 
4 
1 

65 
131 
216 
108 

47 
14 

1 
5 

150 
303 
500 
250 
109 

32 
2 
1 

1030 
560 
305 
166 
90 
49 
27 
15. 

265 
144 

78 
42 
23 
13 

7 
4 

1183 
451 
174 

67 
25 

l 
613 
333 
181 

97 
53 
30 
16 

9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Begin time: 161535 GMT 
Z(ACT) = 587; R(ACT) = 2.5; 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

274 
623 
625 

89 
13 

57 
130 
131 

19 
3 

132 
301 
303 

44 
7 

917 
399 
174 

76 
33 

- I 
! - . - -

3 August 74 Pass duration: 20 sec 
Begin time: 120930 G~lT Sample volume: 0.6 

192 

"' 36 
16 

7 

Z(ACT) = 1042; R(ACT) = 4.4; Z(COF) = 1178; R(COF) = 3.4 

1 
2 
3 
4 
5 
6 
7 
8 

' 10 

--· 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
).67 
4,05 

98 
227 
125 
16 

4 

164 
380 
209 

27 
7 

380 
880 
483 

62 
16 

280 
113 
46 
18 

7 

469 
189 

76 
31 
12 

' l cn1 

I no. 
l~···:~"'.;) 

444 
194 

83 
37 
16 

1086 
437 
176 

72 
28 

- LJ 
.~~~-·-'=----" 

[29 July 74 Pilss duration: 30 sec 

I 
Begin tirr.e: 153345 G/1T Sample volume: 0.9 
Z(ACT) = 13635; R(ACT) • 18.6; Z(COF) = 13775; R(CDF) 

" 86 
93 

106 
65 
15 

7 
1 

55 
96 

104 
118 

72 
17 

8 
1 

127 
222 
241 
273 
167 

39 
19 

2 

! 

173 
102 

60 
35 
21 
12 

7 
4 

= 12.J 

194 
114 

67 
40 
23 
14 

8 
5 

449 
264 
155 

93 
53 
32 
18 
12 

3 August 74 Pass duration: 30 sec 
Begfn time: 121134 Gi1T Sample volume: 0.9 
Z(ACT) = 802; R(ACT) • 2.2; Z(CDF) = 941; R(CDF) = 1.9 

78 
119 
51 
17 

5 
1 

87 
133 
57 
19 

6 
1 

201 
308 
132 

44 
14 

2 

157 
66 
28 
12 

5 
2 

··- -

175 
74 
31 
13 

5 
3 

405 
171 

72 
30 
12 

7 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

-----1-----1----'-'----'----'-~ --'---...J.I ___ JJ.__ I I ,~, -. -~-~ 



ln 
ln 

. · , ' ~i';..-1 ,P,r•;;~ I •• t,L J IJ,IIt:,J O!l_ p.H '.! 9}'! ·l inr>,rl !'' Jr. c;_1 lf?Uf1.J~·!r.p, f r!?m~_TJC,:.6_,f::o_{ l Jmf'.dc,tp,r:~~ {cp_nt_inp!'d}, , , ~~ ·~. , , , • .,, ·-•, ·~·· ... , ,., , . , , .- .. --· -~- __. ......... -

I ~\idp.,L1t t ! Actual Actual CDF CIW Ml(lpotnt Actual Actunl I crw Cl~: ' ' I I I ' ' . I 
f,'.:e:ocv I l_c~> I no. j (m'to-1) I (mo,,,-1) I uub,'•o-1) (m'mm-1) catcgo<y (•m") nn •. L"'Ail-1) (m>,,,-1) I nn. j_c;.,>.-.w-1) I <c'· '> 
Dr'"•? <Jizc. 1 di~.mcto1r 1 Actual no. no. CDF r.o. no. Drop size. diameter Actual no. no. CIJF no. uo. 

; 3 Auqust 74 Pass duration: 163 sec ~ I 3 August 74 Pass duration 20 sec 
I Begin time: 121315 GMT Sample volume: 4.9 Be in time: 125622 GMT Sample volume 0.6 I Z(ACT) = 6143; R(ACT) = 6.9; Z(CDF) = 4669; R(COF) = 6.3 ZCACT) = 7892; R(ACT) = 13.0; Z(COF) = 7465 R(COF) = 11.3 

l 
2 
3 

" 

0. 22 i 2441 1 508 

1.08 361 74 
1.51 99 20 

0. 65 
1

1084 I 222 

5 I" 1. 9' 71 I 15 I" 6 2.38 41 3 
7 2.81 18 4 
8 3.24 7 1 . 

1171 
514 
171 

46 
35 
19 

9 
2 

2430 1· 

997 

I 
i~~ I 

28 
12 

5 

498 
204 

84 
34 
14 

6 
2 
1 

1153 
472 
194 

79 
32 
14 
5 
2 

9 I 3 67 I - I - I - I -
10 I 4.05 I - - -- - -

j 3 Aug:;st 74 Pass duration: 120 sec l 
Begin time: 122445 G:~i Sample volume: 3.6 I Z(ACT) = 3570; R(.4CT) = 6.8; Z(CDF) = 5359; R(CDF) = 7.1 

' -

1 
2 
3 
4 
5 
6 
7 
8 
9 

lD 

1 0.22. 1335 
. 0.65 1210 

).03 523 
1.51 136 

373 
338 
146 

38 
1.94 50 

i 2. 33 32 I 9 I 
I 2. 81 2 .5 

3.24 1 .3 
I 3.67 i - - , 

,, 

1 4.05 I - - I 
-~ I I 

863 
782 
338 

88 
32 
21 
1 
.7 

I 

1

1922 
799 
332 
138 

57 
24 
10 

4 

:--3 Aug'..!st 74 Pass duration: 280 sec 

536 
223 
93 
39 
16 

7 
3 
1 

\ Begin tirr.e: 124922 GMT Sample volume: 8.4. 
I Z(~CT) = D4D; R(ACT) = 3.9; Z(CDF) = i618; R(CDF) = 3.7 
I 

I 
0.22 
0.65 

. 1.08 
1. 51 
1.94 

I 3886 
2345 

! 898 
248 
83 ! 
12 

465 
280 
107 

30 
10 

1 

1076 
648 
248 

69 
23 

2 

4769 
1725 

624 
226 
82 
30 

570 
206 

75 
27 
10 

4 

1241 
516 
215 

90 
37 
16 

7 
2 

1319 
477 
174 

62 
23 

9 

386 
214 
134 

46 
19 
s 
3 

646 
358 
224 

77 
32 
13 

5 

1495 
829 
519 
178 

74 
30 

... 12 I 

I 

i~~ 1 
88 
38 
17 

7 
3 

- I ' I ' 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

I ···-·· 
3 August 74 Pass duration: 23 sec 

Semple volume: 0.7 

760 
334 
147 

64 
28 
12 

6 

i 
1 11s' 

773 
340 l 

I 
I 
' 

148 
65 
28 
14 

Begin time: 130320 Gf1T 
Z(ACT) = 2447; R(ACT) = 5.7; Z(COF) = 2300; R(C~F) = 4.8 

! _ ___:______ - ----

261 
201 

76 
3 
1 

374 
288 
109 

46 
17 

4 

866. 
667 
252 
106 

39 
9 

346 
141 

58 
23 
10 

4 

1- 1 
1 o. 22 1325 276 639 1 2036 I 
2 0.65 1269 260 602 I SH I 
3 1.08 608 ns · 289 i 350 
4 1. 51 209 43 100 145 

497 
203 

83 
34 
14 

6 

1150 
470 
192 

79 
32 

" 

,-----·-
417 9£.5 
173 1.00 

72. 167 
30 69 

28 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

6 2.38 10 2 5 25 5 12 
5 1.94 54 11 25 60 12 -1 

. - I I - I -1 - I - IL ~ ;:~~ ~ : : 1

: : I _ _ _ _ _ 9 3.67 - - - - 1 

I I - - - - - - 10 I 4.05 - - - _ _: __ .L ... -· 

2.38 
2.81 
3.24 
3.67 
4.05 

5 



"' "' 

~bJ§~,j"roo Nst~~d!;l!;a ~~tg,.i_neji'_ Nqar Cloud BiJSe from DC-6 l-'oil Imf!M:~~r ___ [r-!P_E.~i,_n._l!_e,d)._-=~---~-~.,_..i •• ..---==.-~""--= ... ,..'""'.,.,.,..., ............ ,., _., ._.._, ,.. , 

I 
Midpoint 1 l Actual TActual CDF CDF I Hldpoint I A..:tu.tl Actu;1l I I CI>r Cl"ll" 

Drop size diameter Actual I no. I no. COF no. no, Drop size diameter Actual no. no. CDF no. ! no. 
cate2ory (:!11~) --~I (t:~.1t.D-1) 1 (m3mm-l) no. (mlll.D-1) (mlrnm-1) category (mm) no. (mlAo-1) (mlmrn-1) no .. :.,. (mlt~~:;}_~_(,?~?---1) 

---, I 
'1 3 Au<;ust 74 Pass duration: 80 sec j August t4 Pass duration: 90 sec 

Begin time: 131122 GMT Sample volume: 2.4 I Z(ACT) = 18112; R(ACT) = 26.2; Z(CDF) = 20265; R(CDF) = 19.3 
Begin time: 141115 Gt1T Sample volume: 2.7 
Z(ACT) = 24827; R(ACT) = 32.4; Z(CDF) = 24621; R(CDF) = 23.2 

-----------·- . -- . -- - ---

1 
2 
3 
4 
5 
6 
7 
8 
9 

JO 

0.22 
0.65 
1.08 
1.51 
1.~4 

2.38 
2.81 
J.24 
3.67 
4.05 

454 
513 
459 
329 
229 

91 
13 

3 

190 
215 
192 
138 

96 
38 

5 
1 

440 
498 
444 
319 
222 

88 
12 

2 

922 
515 
288 
161 

90 
50 
28 
16 

385 
216 
121 

67 
38 
21 
12 

7 

891 
500 
280 
155 

88 
49 
28 
16 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

596 
594 
604 
531 
261 
103 

31 
10 

222 
221 
225 
198 

97 
38 
12 

4 

514 
512 
521 
458 
22S 

88 ,. 

11881 ----

671 
379 
214 
121 

68 
39 
22 

1023 
579 
326 
183 
104 

58 
32 
19 

442 
250 
141 

79 

9 

45 
25 
14 

8 

-~~~~~~- I I ~.,,_.. ___ ro•,•-~ 

I 3 At:qust 74 Par;s duration: 143 sec 
1 Begin time: 132723 G!1T Sample volume: 4.3 I Z(ACT) = 16883; R(ACT) = 20.4; Z(CDF) = 28667; R(CDF) • 20.4 

3 August 74 Pass duration: 77 sec 
Begin time: 141530 Gr-tT Sample volume: 2.3 
Z(ACT) = 2173; R(ACT) = 3.6; Z(CDF) = 1795; R(CDF) = 3.4 

1 
2 
) 

4 
5 
6 
7 
8 
9 

10 

I 0.22 
1 o.65 

1.08 
loS! 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

.1385 
1109 
942 
501 
237 

85 
29 
11 

2 

324 
259 
220 
117 

55 
20 

7 
3 
.5 

750 
600 
509 
271 
127 

46 
16 

7 

2074 
1074 

556 
288 
149 

77 
40 
21 

485 
251 
130 

67 
35 
18 

9 
5 
2 
1 

1123 
581 
301 
155 

81 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

1153 
464 

91 
42 
29 

7 

504 
203 
40 
18 
13 

3 

1167 
470 

93 
42 
30 

7 
2 

1

1156 I ~-
409 
145 

1169 
414 
146 

i 
I 

505 
179 

63 
22 

3 1 

51 
18 

6 
2 

8 
3 
1 i 

! 

51 
19 

7 
2 

1 .2 I 1 
.5 

11 
! 6 
I. 

42 
21 
12 

5 
2 i - I - I - I - I ·~· 

I 3 Aucust 74 Pass duration: 147 sec 
Begirl time: 134939 GHT Samp1e volume: 4.4. 

3 August 74 Pass duration: 30 sec 

I Z(ACT) = 24583; R(ACT) = 28.5; Z(CDF) = 30998; R(CDF) = 23.9 
Begin time: 141749 GMT Sample volume: 0.9 

. Z(ACT) = 5993; R(ACT) = 11.8; Z(CDF) = 4165; R(CDF) = 7.8 

0.22 967 221 512 1847 422 977 1 0.22 
0.65 1166 266 616 1028 235 544 2 0.65 
1.08 896 205 475 512 130 301 3 1.08 
1.51 523 119 275 318 73 169 4 1.51 
1.94 381 87 201 177 40 93 5 1.94 
2.38 165 38 88 98 22 51 6 2.38 
2.81 48 11 25 55 13 30 7 2.81 

229 
240 
170 

79 
30 
14 

256 
268 
190 

88 
33 
16 

593 
620 
440 
204 

76 
37 

293 439 
190 212 

92 103 
45 50 
22 24 
10 I 12 

1016 
491 
238 
116 

56 
28 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

3.24 12 3 7 30 7 16 8 3.24 I .I 

I
. 3.67 5 ' 1 2 17 4 9 9 3.67 -

4.os - , - - I _, - - 10 4.o5 -
I I -~~~~- w~-.....,_ .. •·•~ -· -..• •·~·· o.• ~ 



"' .._, 

!Midpoint Actual Actual CDF CDF Midpoint Actual Actual CDF 1 CDr 

V.b.I~~2!/._L~!"J.but'2." ~~~0'1!!~."' cloud_ Base rrom DC-6 Foil Im act~'!_o~ntin~-L,.~ _L ~~-~~~---~~----~"-.-.. · 
Drop size !diameter Actual no. no. CDF no. no, Drop size diameter ActuaJ no. no. CDF no. l no. 
c.tegory 1 \.""') no. I (rn360-'l (m3mm-l) no. (rn36n-l) (m3mm-1) category~) no. (m36n-1) (m3mm-1) no. (m'AD~l) .'.<;>':C:'.-.'2. 

"- -- _. - -- .._. , ""' I j 3 August 74 ra~~ uun11.1un; 1u1 ~~;:~ 5 August 74 Pass duration: 33 sec 
1 Begin, time: 142924 Gt.fT Sample volume: 3.2 l Z(ACT) = 18293; R(ACT) = 22.4; Z(COF) = 16548; R(COF) = 15.6 
!_ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
"1.24 
3.67 
4.05 

504 
538 
445 
306 
198 
116 

29 
7 

158 
169 
140 

96 
62 
36 
9 
2 

366 
391 
324 
222 
143 

83 
21 
5 

929 
526 
298 
169 

96 
54 
31 
17. 

291 
165 
94 
53 
30 
17 
10 

5 

674 
382 
218 
123 

69 
39 
23 
12 

[ 5 August-74 Pass duration: 127 sec 1 
Begin time: 111630 Gt.fT Sample volume: 3.8 
Z(ACT) = 17191; R(ACT) = 24.2; Z(COF) = 11036; R(COF) = 13.4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

i 5 August 74 

390 
596 
649 
482 
302 
126 

40 

103 
158 
172 
127 

80 
33 
11 

238 
366 
398 
294 
185 

76 
25 

1096 
631 
364 
209 
121 

69 
40 

Pass duration: 73 sec 
Sample.volume: 2.2 

290 
167 

96 
55 
32 
18 
11 

I 
Beg1 n t1me: 112135 GI1T 
Z(ACT) = 7923; R(ACT) = 12.9; 

I 

Z(COF) = 6598; R(CDF) = 8.3 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

213 
265 
288 
189 

93 
37 

6 

97 
121 
131 

86 
43 
17 

3 

225 
280 
303 
199 
100 

39 
7 

494 
270 
148 
81 
44 
24 
13 

226 
123 

67 
37 
20 
11 

6 

671 
387 
222 
127 

74 
42 
25 

523 
285 
155 

86 
46 
25 
14 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Begin time: 114716 GMT Sample volume: 1.0 
Z(ACT) = 4061; R(ACT) = 6.9; Z(COF) = 3910; R(COF) = 5.2 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

101 
121 

85 
47 
27 
5 
2 

101 
121 

85 
47 
27 

5 
2 

234 
280 
197 
109 

62 
12 

5 

190 
97 
49 
25 
13 

7 
3 

191 
97 
49 
25 
13 

7 
3 

442 
225 
113 

58 
30 
16 

7 

::;::='~==~~====::::::;:=~~-~~-· ~-" 

l
5 August 74 - ·-- -- Pass duration: 33 s;~--
Begin time: 124826 GMT Samole volume: 1.0 
~CT! __ = 1_621~; R~ACT) = 21.6; Z(COF) _= 10238; R(COF) • 12.4 

0.22 
0.65 
1.08 
1.51 
1.94 
2.)8 
2.81 
3.24 
3.67 

159 
123 
168 
120 

66 
25 
13 

159 
124 
169 
120 

66 
25 
13 

368 
287 
391 
278 
153 

58 
30 

292 
166 

94 
53 
30 
17 
10 

293 
166 

94 
53 
30 
17 
10 

678 
384 
:ns 
123 

69 
39 
23 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 I 4.05 L~j_::___ j I - I - ·-
~~ === ------·-. ··--·---··-----·--·- -· 

1 
2 

·3 
4 
5 
6 
7 
8 
9 

10 

5 August 74 Pass duration: 113sec 
Begin time: 125345 GMT Sample volume: ·3.4 
Z(ACT) = 3276; R(ACT) = 6.6; Z(COF) = 2343; R(COF) = 4.3 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

423 
447 
400 
166 

73 
25 

125 
132 
118 

49 
22 

7 

289 
306 
273 
113 

51 
16 

780 
283 
189 
93 
46 
22 

230 
113 

56 
27 
13 

7 

532 
262 
130 
62 
30 
16 



"' 00 

~l£J£.. A-~.!]UPJ' TJi.o;tributiorJ D~i!, Obt<M:J~~=lf!1,.q,l C~ _Bage f~o_m DC..:&.:,E.?JL.,:fm~._p,t"2,.!=-= ,(c;_o_pl;,.i!~.U.~dJ_-=-=~~-=-...... T~~==~"""~--,-~ .... _ ... ...,., . 

I 
Midpoint j I Actual Actual CDF J CDF 1 Midpoint I l Actu.l Aocual ~~ CJJF CP!· 

Drop size diameter Actual no. no. CDF no. no, Drop size diameter Actual no. no. CDF no. nQ, 
category :,.,) l no. (a36D-~) (m>mm-1) no~- (m'•o-1)~mrn-1) ..!'."~.i.=; __ ~. (m36JJ-1) (mlmm-1) no_:_ J.':'~il-.'t ~~-'c"·· 1 

r 5 August 74 l'd.SS aura~;lon; ou sec 
I Begin time: 130000 Gl{f Sample volurne: 1.5 I Z(ACT) = 3293; R(ACT) = 7.5; Z(CDF) = 2994; R(CDF) = 5.8 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
.2 

3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
J,24 
3.67 
4.05 

5 August 74 

429 
472 
215 
103 

28 
10 

- I 

287 
316 
144 

69 
19 

7 

664 
731 
333 
160 

44 
16 

704 
310 
136 

60 
26 
12 

471 
207 

91 
40 
18 

8 

Begin time: 131530 GMT 
Z(ACT) = 1061; R(ACT) = 3.8; 

Pass duration: 83 sec 
Sample volume: 2.5 

Z(CDF) = 1018; R(CDF) = 3.1 

0.22 
0.65 
1.08 
:...sl 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

1088 
689 
338 

86 
19 

437 
276 
136 

35 
8 

1012 
639 
315 
81 
19 

1407 
. 515 
189 

69 
25 

5 Auoust 74 Pass duration: 60 sec 
Begin time: 131915 GMT Sample volume: 1.8 
Z(ACT) = 248; R(ACT) = 1.4; Z(CDF) = 222; R(CDF) = 1.1 

•' 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

478 
381 
127 

18 

267 
213 

71 
10 

618 
493 
164 

23 

682 
219 

70 
23 

565 
207 
76 
28 
10 

380 
122 

39 
13 

1090 
479 
211 

93 
42 
19 

J 
1308 

479 
176 

65 
23 

sao 
282 

90 
30 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

5 August 74 
Begin time: 132320 GMT 
Z(ACT) = 1492; R(ACT) = 4.5; 

Pass duration: 67 sec 
Sample volume: 2.0 

Z(CDF) = 938; R(CDF) = 2.5 

I 
0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

188 
277 
289 

73 
30 

. -··· ··- -

94 
139 
145 

37 
15 

218 
322 
336 

86 
35 

460 
213 

99 
46 
21 

231 
107 

49 
23 
11 

535 
24$ 
113 

53 
25 

~ ~==--=~ ,..==r-· .. ~_..,.,._.~ 

-5 Au9i.iSt74 ______ . ····-·--p~ dur;tion: 

Begin time: 133048 GMT Sample volume: 
Z(ACT) = 10703; R(ACT) = 15.1; Z(CDF) = 8225; 

83 sec 
2.5 
R(CDF) = 11.4 

---,-----.--,---r---;---;-----. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
LOS 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
t, .05 

1280 
631 
306 
180 
120 

59 
14 

514 
253 
123 

72 
48 
24 

6 

1190 
586 
285 
167 
111 
56 
14 

1346 
646 
310 
149 

72 
34 
17 

541 
260 
125 

60 
29 
14 

7 

1252 
602 
289 
139 

67 
32 
16 

. : I ----"----'C....--• .-.,-~ .. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

5Au~ust-·i4-- -·--~ --- -Pa·~~- duration: iii sec 
Begin time: 135453 G!4T Sample volume: 2.6 
Z(ACT) = 7463; R(ACT) = 13.7; Z(CDF) = 7714; R(CDF) = 10.1 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.2lt 
3.67 
4.05 

511 
421 
528 
281 
116 

30 
7 

197 
163 
204 
109 

45 
12 

3 

456 
377 
472 
253 
104 

28 
7 

917 
473 
244 
126 

65 
34 
17 

354 
183 

94 
49 
25 
13 

7 

! 

I 
I 

819 
424 
218 
113 

58 
30 
16 

I
. - I - I I - I - i 

I I I I I - --...... ~ .-,.~-.-..-..... - . " 



V> 

"' 

'b 'loud .rl f 6 .&-'F,t~-.J_ ·"~..,!:',...':'-t"-?'-~"""uc~on vat:a u.ot:a.tnea Near t,;.toua 1Jase rrom JJ(.;-o J:Ol.L ..1m acrvr tf.9.nt:.tnueaJ _ --· ·-··-=-~-~ ~,... . ._ . ,_,.,, .. 

I 
HidpOif!t II ~al CDF CDF • 1 Midpoint I Actual I Actual I CDF cD:" 

Dro? size diameter Actual ! no. I no. CDF no. no, Drop size diameter Actual no. no. LD~- no. no. 
~!,.~O~~) no. j__(r~3t..o-1) .,..<m3mm-1) no. (m3ao-1) (m3mm-l) category _ (nun) no. (ni3ll.n-l) (m3rnm-l) no. (m~~D:!L ... <.~~:: 

j 5 Auqust 74 Pass duration: 87 sec 5 August 74 - . Pass duration: 110 sec-- ... ! 
1 BegiO time: 13_5930 GMT Sar.1ple volume: 2.6 Begin time: 151648 GMT Sample volume: 3.3 I 
1 Z(ACT) = 2088; R(AcT) = 5.3; z(cDF) = 2109; R(CDF) = 4.2 ~~~~~~~ = 16:~; z~~o~~ .".8~~~~F) = 11.8 i 

1 0.22 1 734 283 655 925 357 826 1 0.22 714 217 502 1276 388 . s~ 
2 0.65 439 170 394 400 154 356 2 0.65 664 202 468 666 203 ! 4< 
3 1.08 267 103 238 173 67 155 3 1.08 675 205 475 347- 106 1 2! 
4 1.51 140 54 125 75 29 67 4 1.51 356 108 250 181 55 : 1.< 
5 1.94 44 17 39 .32 12 28 5 1.94 185 56 130 94 29 ( ( 
6 2.38. 5 2 5 14 5 12 6 2.38 65 20 46 49 15 I 
7 2.81 - - - - - - 7 2.81 8 2 5 26 8 J 
8 J.24 - - - - - - 8 3.24 - - - - - i 
9 3.67 - - - - - - 9 3.67 - - - - -

10 4.05 - - - - - - 10 4.05 - - - - I -
I ' 

I 5 August 74 Pass duration: 167 sec - ·-:l -=-;:=:5:A:u:gu:s:t:7:4:::=::=:=:: .. : .. ~ .. :.=::.~P:a:ss:::d:ur:a:t:i:on:':=:37~~=.=-c~--~·· ~-~-.·= 
i Begin time: 140848 GMT Sample volume: 5.0 Begin time: 152215 G~IT Sample volume: 1.1 
i Z(ACT) = 1600; R(ACT) = 5.8; Z(CDF) = 1380; R(CDF) = 3.9 Z(ACT) = 8416; R(ACT) = 14.1; Z(CDF) = 7375; R(CDF) = 9.6 

I . --···· -

1 0.22 ' 1035 208 481 2229 448 1037 1 0.22 135 123 285 1312 285 • 6f 
2 0.65 1492 300 €94 955 192 444 2 0.65 195 178 412 167 152 I 3! 
3 1.08 1028 207 479 409 82 190 3 1.08 163 149 345 89 81 . i u 
4 1.51 295 59 137 175 35 81 4 1.51 104 95 220 48 43 1 1( 
5 1.94 50 10 23 75 15 35 5 1.94 53 48 111 25 23 s 
6 2.38 - - - - - - 6 2.38 16 15 35 14 12 ! ~ 
7 2.81 - - - - - - 7 2.81 4 4 9 7 7 ' 1 
8 3.24 - - - - - - 8 3.24 - - - - -
9 i 3. 67 I - - - I - - - 9 3.67 - - - - ' -

10 I 4.05 I - - f - - - - 10 ~- - - - - I - '"'··-· 
i 5 August 74 Pass duration: 230 sec I 5 August-·74 -- ----·· P~·ss duration: 140 sec 
1 Begin time: 144140 GMT Sample volume: 6.9 Begin time: 154345 GMT Sample volume: 4.2 I Z(ACT) = 7673; R(A::T) = 15.8; Z(CDF) = 9063; R(CDF) = 11.8 Z(ACT)· = 2201; R(ACT) = 5.0; Z(CDF) = 1971; R(CDF) = 4.1 

i . . . . .. - . . . . ... ! 

1 0.22 1046 152 352 2778 404 935 1 0.22 1060 254 1· 588 1560 373 t • 
. 2 0.65 1671 243 562 1442 210 486 2 0.65 971 232 537 657 157 3 

3 1.08 1612 235 544 748 109 252 3 1.08 448 107 248 277 66 1 
4 1.51 970 141 326 388 57 132 4 1.51 137 33 76 116 28 
5 1.94 397 58 "134 202 29 67 5 1.94 59 14 32 49 12 
6 2.38 70 10 23 105 15 35 6 2.38 20 5 12 21 5 
7 2.81 9 1 2 54 8 19 7 2.81 - - - - -
8 3.24 - - - - - - 8 3.24 - - - - -
9 3.67 - - - - - - ' 3.67 - - - - -

10 4.os _ _ _ _ _ _ 10 4.os - - - I - ___ :....,=~ ......... ··· 

·1) 

8 
0 
5 
7 
7 
5 

' 

0 
2 
7 
0 
3 
8 
6 

63 
63 
53 
65 
2S 
12 



"' 0 

~.bJ .. ~L4:'Lz..P . .!P.J'.....P~butl_.f?j~~~~1ne-I Ne_;;r Cloud Dase from DC-6 Fo~l Im~~t.::tt {p.gntJ_nu_ed ..., ~~=---"""'" .·--.,. ._ •• 

I Midpoint I I Actu~l Actuo;ul ~ CDF COF l [:Midpoint I Actual Actual I I CDF \ Cf·F 
Drop size , diatr.ctor Actual no. no. CDF no. no, Drop size diameter Actual no. no. CDF no. : no. ~Lory ! (~m)& .J no. ~~~-1) (m3m-I) no, (m3An-l) (mlmm-1) category (mm) no. (mlAn-l)- (m3mm-l) nn. 1 (m?,'I~~ ... ~J .. :~<:_~:r-----~2-
~ -
! 5 Auqust 74 Pass duration: 150 sec 10 August 74 ~ 
I Be9in time: 155013 Gf1T Sample volume: 4.5 Begin time: 114832 GMT 

Fd.::>S ouration: 30 sec 
Sample volume: 0.9 

Z(COF) = 1130; R(COF) = I Z(ACT) = 3447; R(ACT) = 6.5; Z(COF) = 3771; R(COF) = 5.5 . Z(ACT) = 1176; R(ACT) ~ ~-0~-- ... ·- ·-· ____ , 

I L I I I I o 

831 
716 
515 
211 

73 
26 

7 

185 
160 
115 

47 
16 

6 
2 

428 
370 
266 
109 

37 
14 

5 

1266 
592 
277 
130 

61 
28 
13 

283 
132 

62 
29 
14 

6 
3c 

655 
306 
144 

67 
32 
14 

7 

28 
64 
76 
25 

5 
2 

31 
71 
85 
28 

6 
2 

72 
164 
197 

65 
14 

5 

102 
50 
24 
12 

6 
3 

2.1 

114 
56 
27 
13 

6 
3 

26!. 
130 
t2 
30 
14 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
1.24 
3.67 
4.05 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

I ~-~ -~-~-~~---·-· 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

5 August 74 Pass duration: 133 sec l 
Begin time: 162225 GMT Sample volume: 4.0 
Z(ACT) = 20603; R(ACT) = 29.7; Z(COF) = 17058; R(COF) 21.0 --

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

993 
965 
784 
498 
330 
124 

28 

249 
242 
197 
125 

83 
31 

7 

576 1621 
560 915 
456 517 
289 456 
192 error 

72 93 
16 52 

407 
229 
129 
114 

error 
23 
13 

10 August 74 . Pass duration: 27 sec 
Begin time: 102738 Go'1T Sample .volume: 0.8 
Z(ACT) = 2626; R(ACT) = 6. 1; Z(COF) = 2076; R(COF) = 3.7 

942 
530 
299 
264 

error 
53 
30 

I ·-·- -· 
10 August 74 Pass duration: 47 sec 
Begin time: 115705 Gm Sample volume: 1.4 
Z(ACT) = 1067; R(ACT) = 3.1; Z(COF) = 1316; R(COF) = 2.5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

79 
188 
151 

37 
8 
2 

57 
135 
108 

26 
6 
1 

132 
312 
250 

60 
14 

2 

254 
115 

52 
24 
11 

5 

182 
83 
37 
17 

8 
4 

421 
192 

86 
39 
19 

' 

:-":--::=--.J--'"-1 --L----~---- ..... 
10 August 74 Pass duration: 90 sec 
Begin time: 122000 GMT Sample volume: ·2.7 · 
Z(ACT) = 41851; R(ACT) = 31.9; Z(COF) = 29019; R(COF) = 19.3 

1 0.22 65 81 187 139 175 405 1 0.22 224 83 192 463 172 398 
. 2 0.65. 83 104 241 71 89 206 2 0.65 261 97 225 292 109 252 

3 1.08 61 77 178 36 45 104 3 1.08 241 89 206 184 68 15 
4 .1.51 55 69 160 18 23 53 4 1.51 169 63 146 116 43 100 
s 1.94 18 23 53 9 12 28 5 1.94 161 60 139 73 27 62 
6 2.38 2 3 7 5 6 14 6 2.38 103 38 88 46 17 39 
7 2.81 - - - - - - 7 2.81 60 22 51 29 11 25 
8 3.24 - - - - - - 8 3.24 25 9 21 18 7 16 
9 3.67 _ . _ _ -. _ _ 9 3.67 10 ·4 9 12 I 4 9 

10 4.05 - - - - - - 10 4.05 - - - - -
_, =-·-..,.~, 



"' ,.... 

ZlCJ~.!£.2,.,.;;},J££.i£.:!J;)?IL.~':":E-.Eii-2-1r,};_.,qJ.~E"J-IT~-£..£-l.~~~sa from DC~i l Im~'ilR-~~£!ltlD._YP.ilJ~= .__ --y"'-~'""-' L"'~---

1 
Hidpoint ' I Actual I Aclual I I COF COF:l ~idpoint I j Actual Actual ·1 I CDf c:,;· 

D~np size diameter Actual no. no. CDF no. no. Drop size diameter Actual no. no. CDF no. , no. 
::ate!l,orv (mM) no. I (m3~-I) ! (m3nm-l) Lno. (m3t,.n-l) (m3mm-l) ~ry (mm) no. __ (:n3llD-l) (m3mm-l) no. (m3t.D"-l) _; f.:-::._~_:7-.-.:J_ 

1 10 August 74 Pass aurat1on: l<::j sec 
I Begin time: 122458 Gtn Sample volume: 3.7 
j Z(ACT) = 4542; R(ACT) = 7.5; Z(COF) = 4001; R(COF) = 5.1 
I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

10 August 74 

255 
329 
306 
178 

99 
35 
5 

69 
89 
83 
48 
27 

9 
1 

160 
206 
192 
111 

62 
21 

2 

560 
300 
161 

86 
46 
25 
13· 

Pass duration: 217 sec 
Sample volume: 6.5 

152 
82 
44 
23 
12 

7 
4 

Begin time: 123540 GMT 
Z(ACT) = 45362; R(ACT) = 34.7; Z(COF) = 44489; R(CDF) = 25.3 

0.22 
0.65 
1.08 
1-51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

811 
762 
742 
487 
453 
319 
141 

40 

125 
113 
115 

. 75 

I H I 

289 
273 
266 
174 
162 
113 
51 
14 

5 
5 

1444 
892 
552 
341 
211 
130 

81 
50 
31 
17 

223 
138 

85 
53 
33 
20 
12 

8 
5 
3 

352 
190 
102 

53 
28 
16 

9 

···-

516 
319 
197 
123 

76 
46 
28 
19 
12 

7 
' 13 I ~ I 
\ 13 2 ! .,. !• .. =====:::;-10 August 74 Pass duration: 57 sec ;] 

1 
.2 

3 
4 
5 
6 
7 
8 
9 

10 

Begin time: 140900 GIH Sample volume: 1.7 
Z(ACT) = 19627; R(ACT) = 19.3; Z(COF) = 20425; R(CDF) = 14.7 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

146 
175 
194 
150 

89 
35 
14 

5 
3 

86 
103 
115 

89 
53 
21 

8 
3 
2 

199 
238 
266 
206 
123 

49 
19 

7 
5 

336 
197 
115 

68 
40 
23 
14 

8 
5 

198 
116 

68 
40 
23 
14 

8 
5 
3 

458 
269 
157 

93 
53 
32 
19 
12 

7 

1 
2 
3 ,, 
5 
6 
7 
8 
9 

10 

10 August 74 
Begin time: 141315 GMT 
Z(ACT) = 9480; R(ACT) = 14.9; 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

936 
1153 
1369 
-862 
460 
158 

21 
6 

' ' 

107 
132 
156 

98 
53 
18 

2 
1 

Pass duration: 293 sec 
Sample volume: 8.8 
Z(COF) = 12117; R(COF) = 11.7 

248 
306 
361 
227 
123 

42 
5 
2 

2236 
1229 

675 
371 
204 
112 

62 
34 

255 
140 

77 
42 
23 
13 

7 
4 

590 
324 
178 
97 
53 
30 
16 
9 

- ~ ... ~---==..,., ·-··~-.... -, ----------·-·- --· -· -- - . 
10 August 74 Pass duration: 210 sec 
Begin time: 142450 Gtn Sample volume: 6.3 
Z(ACT) = 11612; R(ACT) = 18.4; Z(COF) = 8945; R(COF) = 10.9 

709 
756 
964 
687 
441 
169 

18 

113 
120 
154 
109 

70 
27 

3 

262 
278 
356 
252 
162 

62 
7 

1630 ! 
920 l 

520 
294 
166 

94 
53 

259 
147 

83 
47 
26 
15 

8 

600 
340 
192 
109 

60 
35 
19 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.9~ 

2.38 
2.81 
3.24 
3.67 
4.05 ~. __ I : J : I :.I : I .. ~ ·-· 

10 August 74 
Begin time: 143245 c;:n 
Z(ACT) = 8600; R(ACT) = 

Pass duration: 163 sec 
Sample volume: 4.9 

12.2; Z(COF) = 5892; R(COF) = 7.3 

-------· --·- .. . .. ··-

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

461 
508 
429 
290 
209 
90 
21 

94 
104 

88 
59 
43 
18 

4 

218 
240 
204 
137 
100 

42 
9 

! 
887 
495 
276 
154 
86 1 
48 
27 

182 
101 

57 
32 
18 
10 
6 

!,21 
234 
13::?: 

74 
42 
23 
14 

- I I I I I ..... ~-~--···.-..---· 



"' N 

'-!~ .t.-l.D "00 IJistribut.!.on _v, Obt.:~ined N· Cloud n, f; •se .rrom DC-6 !-'oil Il tinued). 
r~-~---w-·---

CDF Actual 
CDF nc. no. Drop size diameter Actual no. no. CDF n<>. no. 

.. ,, l "'d::-~-~-~~rA~tu~~~~ Actual I Actual 1-T:; n- • ~;:, 
CDF I I >:idpoint I 

D=o? size dia~utcr Actual 
1 

no. no, 
c.1te9.o;:,x I -~lf'.::"l) ~(i'il36lJ~l) (m3rm~-l) no. (m3t~n-1) (m3mm-l) category (mm) no. (m3f1!)-1) 1 (~3rr.J?-l) _ n~o. .l_~:,J::.!:-~~2_. .~,:~3! ·-~ ·l) 

110 August 74 Pass duration: 127 sec 
' Betn time: 154912G:1T Sample volume: 3.8 l Z( CT) • 17343; R(ACT) = 16.3; Z(COF) = 17013; R(COF) = 13.9 

I 

1 0.22 1087 287 664 
I 

1261 333 771 
2 0.65 676 179 414 663 175 405 
3 1.08 3S6 105 243 348 92 213 
4 1.51 237 63 146 183 48 111 
5 1.94 149 

I 
39 - 90 96 25 58 

6 2.33 66 17 39 51 13 30 
7 2.81 28 7 16 27 7 16 
R 1.24 14 4 9 14- 4 9 

I I 
5 

I 
1 2 7 2 5 9 3.67 

10 4.05 - - - - - -
I I I -

I 10 A~.:11ust 74 . Pass du~·ation: 33 sec 
i Begin time: 160020 GIIT Sample volume: 1.0. 
1 Z(Acr) = 17571; R(f,cT) = 27.12; Z(COF) = 12738; R(CDF) = 15.3 

1 

I 
0.22 \lll 

i 111 257 332 334 773 I 
7 0.65 157 

I 
158 366 191 192 444 

3 1.08 191 192 444 110 111 257 
4 L31 180 181 419 64 64 148 
5 1.94 110 110 255 37 37 86 
6 2. 38 • 26 26 60 21 21 49 
7 2.81 9 9 21 12 -12 28 
8 3.24 - - - - - -
9 I 3.67 - I - - - - -

10 I 4.05 - I - - - - -' ' ' 
,. 

11 f,U']USt 74 Pass duration: 170 sec 
Begin t1mo: 124038 GHT Sample .volume: 5.1 
Z(ACT) = 10937; R(ACT) = 11.4; Z(COF). = 11972; R(COF) = 9.9 

1 0.22 1236 243 562 1269 250 579 
2 0.65 536 106 245 661 130 301 
3 LOS 367 72 167 344 68 157 
4 1.51 249 49 113 179 35 81 
5 1.94 144 28 65 93 18 42 
6 2.38 79 15 35 48 9 21 
7 2.81 23 4 9 25 5 12 
8 3.24 10 2 5 13 3 7 
9 3.67 3 .6 1 7 1 2 

10 4.05 - - - - - -

--- -- -- -- --·· 
11 August 74 Pass duration: 187 sec 
Begin time: 125111 GMT Sample volume: 5.6 ! Z(ACT) = 11080; R(ACT) = 16.1; Z(COF) = 12648; R(COF) = 11.9 

i 
; - - --- ..... - --- - --

1 0.22 532 95 220 11267 227 i " 2 0.65 541 97 225 714 128 " 3 1.08 815 146 338 404 72 ! " 4 1.51 582 104 241 22B 41 ; ' 5 1. 9/t 311 56 130 129 23 i ' 6 2.38 100 18 42 73 13 i ' 7 2.81 24 4 9 41 7 i l 
8 3.24 6 1 2 23 4 : 
9 3.67 - - - - - ' 10 4.05 - - - - -

...... ~"'....,.· ,.=-~--- ..... 
11 August 74 Pass duration: 30 sec 
Begin time: 140020 G~1T Sample volume: 0.9 
Z(ACT) • 2237; R(ACT) = 5.6; Z(CDF) = 2105; R(CDF) = 3.8 

-------- .. -·· . .... --. - .. .... ·-·-· .. - .. 

1 0.22 75 84 194 1184 205 o4j 
2 0.65 88 98 227 90 101 ; 23 
3 1.08 134 149 345 I 45 50 ! ll 
4 1.51 so 56 130 22 25 I 5 
5 1.94 12 13 30 11 12 I ' 6 2.38 3 3 7 5 6 i 1 
7 2.81 - - - - - ' 
8 3.24 - - - - - ' 9 3.67 - - ' - -

I 
- ' 

10 4.05 - - - -! -
~~~----~ 

11 August 74 
-- .... ----- ... ·- ·-·· 

Pass duration: 50 sec 
Begin time: 151740 GMT Sarr.ple volume: · 1.5 
Z(ACT) = 4491; R(ACT) = 8.4; Z(COF) = 4891; R(COF) = 6.6 

i - -- --- .. ---·-· ........ 

1 0.22 221 148 343 396 265 ! 6 
2 0.65 208 139 322 197 132 3 
3 1.08 214 143 331 99 66 i 1 
4 1.51 99 66 153 49 33 ' ' 5 1.94 30 20 46 25 16 i 
6 2.38 17 11 25 12 8 
7 2.81 1 • 7 2 6 4 . 
8 3.24 - - - - - • 
9 3.67 - - - - -

10 4.05 - I - - - -
I 

---~~~.,.,.,..~ 

5 
6 
7 
5 
3 
0 
6 
9 

5 
4 
6 
8 
8 
4 

3 
6 
3 
6 
7 
9 
9 



cr­
UJ 

~;~:0.• ;.-l.D:-.-.n 1';-;i:dbuti.:-n [J,;;:.J (:~~.t.l.t:ed ;;c.Jl' Cloud IJ,lsa from DC-6 f'oil Impact1'r {continu~dl 

-- .. -~-~~i :~~~~otn~·~- .,~ ~r ~.~-t~-a;·- -- ~:r::~;l~=·~ ·r~~:~ -~·-c:~---1] --· ~-~ ·'- ~-~d~:~~~:~-~~-1' ~ .. ::~::~~·-~,:~::~=~~ ... ,. ~c,nr - cPi 

0:-cp size \ din:r.cter I ACLU31 ! no. I no. CDr' I no. no. I Drop size diameter I Actual I no. \ i no. I COF I no. n(), ~~2.!~;;'0 no;_, ! (:nl!'n-:) (:n3:r.m-l)j m:•.JJ.m3fltrl) (m3mm-1) ~~"¥9.!..t_.~-k~- no~--~~~-.:Lk~.-~)- ~~~~~·-n~_._l! (;:J?::: -;) 

,-lf;_tl9USt74___ Pass aurat1on: llj sec 
I Beoin time: 152015 Gm Sar.:ple volume: 3.4 
' Z(~.cT) • 19976; R(ACT) • 21.7; Z(COF) • 30220; R(COF) • 19.8 
' ! 

1 
2 
3 
4 
5 
6 
7 
8 

' 10 

' . I I 0.22 I 574 I 
I 0.6S 750 

1.08 592 I 

1

1.51 280 

1.94 184 I 
2. 38 115 

I 2. 31 29 I 
\ 1. 24 10 I 
; 3.67 l 

170 
222 
175 

83 
54 
34 
9 
I 
3 
3 

394 
514 
405 
192 
125 

79 
21 

7 
• 7 
• 7 

1133 
627 
347 
192 
106 

59 
32 
18 
10 

5 I 4.05 I 1 i I 

--;::::::::':: ==- ; J .. 
f 13 Aur;ust 7~ Pass duration: 80 sec 

335 
185 
102 

57 
31 
17 
10 

5 
3 
1 

I Begin tir..e: 060:.013 G~IT Sample volume: 2.4 
i Z(,;CT) • 5073; R(ACT) • 11.3; Z(COF) • 9236; R(COF) •9.0 
I 
I 

775 
428 
236 
132 

72 
39 
23 
12 

7 
2 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 t 135 i 56 130 

1

: 453 190 440 
0.65 l 195 1 82 190 250 105 243 
1.ca I 331 139 322 ns sa 134 
~.51 233 98 227 76 32 74 
1.94 I 91 38 88 42 18 42 
2.38 23 10 I 23 23 10 23 
2.81 2 .a 2 13 5 12 
3.24 1 1 .4 1 1 3 1 

13 August 74 Pass duration: 73 sec 
Begin time: 080610 GtH Sample volume: 2.2 
Z(ACT) • 20676; R(ACT) • 26.0; Z(COc) • 19020; R(COF) • 17.1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

204 
289 
371 
293 
181 

77 
24 

5 

93 
132 
169 
134 

83 
35 
11 

2 

215 
306 
391 
310 
192 

81 
- 25 

5 

596 I 
350 I 
206 
121 

71 
42 
24 

272 
160 

94' 
55 
32 
19 
11 

7 1~ I 
I 

-.l.. ~· -~=~" •.. -. 

1- 13 August 74 -- -- Pass duration: 293 sec 

I 
Begin time: 082850 GMT Sample volume: 8.8 

.~~CT) • 5675;.R(ACT) • 7.8; Z(COF) • 6114: R(COF) • 5.8 

1 0.22 601 69 I 160 1088 I 
2 0.65 520 59 137 602 
3 1.08 613 70 162 333 
4 1. 51 358 41 95 184 
5 1.94 226 26 60 102 
6 2.38 88 10 23 56 
7 2.81 24 3 7 31 
8 3.24 4 .5 1 11 I 
9 3.67 - - - ! 

124 
69 
38 
21 
12 

6 
4 
2 

630. 
370 
218 
127 

74 
~:. 

25 
16 

287 
160 

88 
49 
28 
14 

9 
5 

3.67 'I - I ' • - I -
' 4.03 ! I' - I . 

l_ ! ; --··· 
10 4.os I - - I -

~-.~~~~=- -'-~· ~--~. ,,,_._ .. , 
~-13 Au~ust 74 
\ Begin time: 064551 G~H 
i Z(ACT) = 77936; R(ACT) • 

Pass duration: 
Sur.1ple volume: 

50.8; Z(COF) = 62153; 

60 sec 
1.8 
R(COF) • 35.6 J I··--·--·····-·--

13 August 74 
Begin time: 085910 GHT 
Z(ACT) • 5215; R(ACT) • 7.4; 

Pass duration: 177 sec 
Sample volume: 5.3 · 

Z(CDF) • 6036; R(COF) • 5.9 

----------------- . --- -----------·----- -----

1 I 0.22 282 ! 157 ! 363 I 519 289 669 1 0.22 373 71 164 
2 0.65 262 146 338 324 181 419 2 0.65 444 84 194 

775 
415 

3 1.08 284 158 366 202 113 262 J 1.08 437 83 192 1223 
4 1. 51 235 131 303 126 70 162 4 1. 51 228 43 100 119 
5 1.94 141 79 183 79 44 102 5 1.94 136 26 60 64 
6 2.38 87 49 113 I 49 27 62 6 2.38 39 7 16 1 34 
7 2.81 l 44 25 53 31 17 39 7 2.81 8 2 5 18 

147 
79 
42 
23 
12 

6 
3 
2 

10 1 4.os 7 4 9 7 4 9 w 4.o5 - - - - _ 

340 
183 

97 
53 
28 
14 

7 
5 8 I 3.24 I 27 15 35 .119 11 25 8 3.24 5 I 1 2 10 

9 i 3.67 12 . 7 16 12 7 16 9 3.67 - I - - - I -
I • - ~~=···'"-'-"'-'=·~·· 



0' .,. 

I Begin time: 092804 GMT Sample volume: 5.4 
I 13 August 74 Pass durat1on: Jou sec J 
I Z(ACT) = 5853; R(ACT) = 9.9; Z(COF) = 5135; R(COF) = 6.4 

l 0.22 I 318 II. 59 137 893 166 I 
2 0.65 400 74 171 494 92 
3 1.o8 637 na 273 273 s1 
4 1.51 378 70 162 151 28 
5 1.94 201 37 .86 83 15 
6 2.38 51 9 21 46 9 
7 2.a1 ·~~ 12 2 5 26 s • I J.24 - - -
9 3.67 - -

10 4.05 - -
I ' . 
L-~-~-'-· __ .,...__!,.= .. -~.___J 

384 
213 
118 

65 
35 
21 
12 

1
13 AU']USt 74 
Begin time: lOC250 GMT 

I Z(ACT) = 7093; R(ACT) = S.7; 

! 

Pass duration: 103Eiec 
Sami}~e volUJ;~e: 3.1 

Z(COF) = 6450; R(COF) = 5.9 

-------------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

I . 
I 0.22 I 

0.65 ! 
1.08 : 
L51 ! 
1.9'· I 
2.33 

154 
156 
185 
132 

74 
3d 

'• 2. s1 1 1 
1. 24 I 
3.67 . 1 

50 
51 
60 
43 
24 
12 

5 
1 

116 
118 
139 
100 

56 
28 
12 

2 

j 
321 I 

184 I 106 
61 
35 
20 
12 

7 

104 
60 
34 
20 
11 

7 
4 
2 

241 
139 

79 
46 
25 
16 

9 
5 

I 4.05 I I ; 

. I '==::' :=:'=:::::::'.:::::::;--
i 13 A~.:nust 74 Pass duration: 50 sec J 
1 Begin tirr.e: 110420 G:lT Sample volume: 1.5 
i Z(I,CT) = 6735; R(ACT) = 11.3; Z(COF) = 9339; R(CDF) = 10.8 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

i 

I 
0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

596 i 
367 I 
ml 
114 

47 
17 

3 
1 

399 
259 
187 

76 
31 
11 

2 
.7 

924 
600 
433 
176 

72 
25 

5 
2 

11s I 
359 
166 

77 
36 
17 

8 
4 

519 
240 
111 
52 
24 
11 

5 
2 

1201 
556 
257 
120 

56 
25 
12 

5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

13 Auqust 74 Pass duration: 233 sec 
Begin time: li5845 G~lT Sample volume: 7.0 
Z(ACT) = 2186; R(ACT) = 4.2; Z(COF) = 2479; R(COF) = 3.4 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

741 
476 
513 
229 

•s I 
19 

6 

106 
68 
74 
33 
14 

3 
.9 

245 
157 
171 

76 
32 
7 

- 2 

1070 
520 
253 
123 

60 
29 
14 

153 
75 
36 
18 

9 
4 
2 

~~"--~ l I I I 
~ ... -.~'"'"·'·"' 

I
UAugus~-74----..-- ------···Pass duration~17o ·;~c 

Begin time: 120808 G~lT Sample volume: 5.1 I ... ~~~CT) ~ 10741; R(ACT) = 14.0; Z(COF) = 10880; R(COF) = 

I 
1 0.22 610 120 278 1097 I 216 
2 0. 65 588 116 269 609 120 
3 1.08 570 112 259 338 67 
4 1.51 331 65 150 188 37 
5 1.94 238 47 109 104 21 
6 2.38 96 19 44 58 ! 11 

8 3.24 5 1 2 18 4 

10.3 

l 
! 
; 

i 
! 

35!, 
174 

83 
42 
21 
9 
5 

500 
278 
155 

86 
49 
25 
14 

9 
9 3.67 - - - - -

7 2.81 28 5 12 il' 6 

i ~-Q~--~-~:=-=-~L- - · - ~- .. ~~,s~· 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 

13 August 74 Pass duration: 57 sec 
Begin time: 121455 Gt·IT Sample volume: 11.7 · 
Z(ACT) = 23579; R(~CT) = 21.4; Z(COF) = 28983; R(COF) = 17.0 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

1107 
1069 
1160 

741 
649 
349 
134 

38 
14 

5 

181 
108 

65 
39 
23 
14 

8 
5 
3 
2 

4:!.9 
250 
lSO 
90 
53 
32 ,. 
12 

7 
5 



Cl' 
Ln 

I.Pl;.t..,L-_• D~~;~4.t,r.L~-.\:!!lpJl_,.R_;l't:a_o~~jf ..... ej'=~q;]!=~louJ!.l!ase from DC-6 Foil In:!oactor CJ::o.nt;}!JH.e.E..'J.., .. _ -== _:....,, . ....,....~-=-.., "' 

I Miclpoint 1Actual I Actual CDF CDF 1 l Nidpoint I Actual Actual I I CDF CJ;: 
Orup slz.e diotnP.tt!r Actual no. uo. CDF no. no. Drop size diameter Actual no. no. CDF no. n.:-. 
~<tte;.rog 1 ~ no. (m3t,n-~) (mlnm1~l) :~~ (mlt.o-1) ~mm-1) ~~y ~~ (mloD-1) (mlll'.m-1) 1 nu. (mlt~':-~~2. _·t_:.~~:. -:!_ 

1 13 August 74 l"ass aurn1on: .l:l.l sec 14 August 74 ---·---·-Pass duration:·w~i"SeC · 
I Begin time.: 131700 GMT Sar.~ple volume: 10.6 I Z(ACT) = 16086; R(ACT) = 18.2; Z(COF) = 25738; R(COF) = 16.0 
I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.:?2 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 

I '· 24 
3.67 

I 4.05 

1241 
1083 
1201 

877 
534 
252 

93 
14 

4 
2 

[ 14 Auoust 74 
I Begin'time: 133500 G/ff 

118 
103 
114 

S3 
55 
24 

9 
1 
.4 
.2 

273 
238 
264 
192 
127 
56 
21 

2 
1 
.5 

2273 
1308 

753 
434 
250 
144 

83 
48. 
27 
14 

Pass duration: 37 sec 
Sample volume: 1.1 

215 
124 

71 
41 
24 
14 

8 
4 
3 
1 

I Z(ACT) = 5568; R(f\CT) " 12.4; Z(COF) = 6720; R(COF) = 9.8 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
J..51 
1.94 
2.38 
2.61 
3.24 
3.67 
4.05 

I >o• 
209 
213 
102 

49 
5 
2 

138 
191 
195 

93 
45 

5 
2 

435 
442 
451 
215 
104 
12 

5 

392 
196 

98 
49 
25 
12 

6 

[. -
------

358 
179 
90 
45 
23 
11 

6 

1 14 August 74 Pass duration: 27 sec· 

l Begirl time: 144253 GNT Sample .volume: 0.8 
Z(ACT) = 650; R(ACT) = 2.4; Z(COF) = 601; R(COF) = 2.0 

223 
148 

55 
17 

4 

280 
186. 

69 
21 

5 

648 
431 
160 

49 
12 

287 
103 

37 
13 

5 

360 
129 

46 
17 

6 

498 
287 
164 

95 
56 
32 
19 

9 
7 
2 

l 
829 
414 
208 
104 

53 
25 
14 

833 
299 
106 

39 
14 

Begin time: 145350 GMT Sample volume: 3.1 
Z(ACT) = 362; R(ACT) = 2.1; Z(COF) = 293; R(COF) = 1.6 

---,-------,--,----r---;----,---------·-
1 
2 
3 
4 . 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

1409 
755 
269 

53 

457 
245 

87 
17 

1058 
567 
201 

39 

1718 
531 
164 

51 

557 
172 

53 
16 

1289 
398 
123 

37 

I 

1

17 August 74 -'=-=~Pa:s...Js:d:u:ra:t:i:o,:"=::10;:0~sec ,.__,=---,- ,.....,." -~-7 

Begin time: 135630 G~lT Sample volume: 3.0 
I_~(~CT) _= 12296; ~ACT) = 16.1; Z(COF) = 1-6~68; R(COF) = 14.0 

---,.-------,--,.----,..-~--.--,--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1. 94 
2.38 
2.81 
3.24 
3.67 
4.05 

509 
526 
325 
188 
141 

67 
17 

3 
1 

170 
176 
109 

63 
47 
22 

6 
1 
.3 

394 
407 
252 
146 
109 
51 
14 

2 
.7 

818 
441 
238 
129 

69 
38 
20 
11 

6 

274 
148 

80 
43 
23 
13 

7 
4 
2 

634 
343 
185 
100 
53 
30 
16 

9 
5 

~~'---~...1...~~- I ~-·~-
17 August 74 Pass duration: 200 sec 
Begin time: 140400 Gt~T Sample volume: · 6.0 
Z(ACT) = 13837; R(ACT)·= 20.4; Z(COF) = 21664; R(COF) = 17.3 

660 
778 
908 
702 
387 
140 

35 
4 
2 

110 
130 
152 
118 

65 
23 
.6 
.7 
.3 

255 
301 
352 
273 
150 
53 
14 

2 
.7 

1568 
888 
503 
285 
161 
91 
52 
29 
17 

262 
149 

84 
48 
27 
15 

9 
5 
3 

' • ~- -- ! 

606 
345 
194 
lil 

62 
35 
21 
12 

7 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

I I j I I ! -.-t"s~·"~"'~•-•·•--.=·"' 



"' "' 

'I;?)>}.f!.J,;;h!'.E!l2-D.i.;~r}..b~t;jp.f}_p.£_t,ti_.,.f:!.bJ..~~4..lfE.<J,,!;.,$l2JJ!!.~ase from DC-6 Foil ImJ!,tWJ£!'-... JSEPti!2,W~ .. t:!..L .... ~ • ...,.,. ~~,~----~-·---~-,.._---=' .- .... ~· _ • 

I Midpoint I I Actual l Actual CDF CDF J Midpoint I Actual I Actual I I cue ; cnF 
Drop size dianetar Actual no. no. CDF no. no. Drop size diatnP.ter Actu~tl no. no. CDF no. ' ~e.52rv I (Mr1) no~ .• J (m3t.o-I)_ (m3:.uu-1) no. (m3[irrl) I (m3mm.-1) category , (mm) no. (m3lln-l) 1(m3mm-l) 1 no. j(m'3,·,_o_-.. I2 . . <_!:~:_;:: · .:2. 

tl;). 

j 17 August 74 ----·;ass aurat1on: 253 ser. 

I 
Begin time: 141000 GIH Sample volume: 7.6 
Z(ACT) = 2019; R(ACT) = 5,9; Z(CDF) = 3323; R(CDF) = 6,2 

I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

! 30 August 74 

4074 
2964 
1036 

379 
104 
10 

3 

538 
·-392 

137 
so 
I4 

1 

1245 
907 
317 
116 

32 

. -· 
2 
1 

5348 
2011 

756 
284 
107 
40 
15 

Pass duration: 113 sec 
Sample volume: 3.4 

707 
266 

99 
38 
14 
5 
2 

I Begin time: 151750 GHT 
I Z(ACT) = 2736; R(ACT) • 5,8; Z(CDF) = 3496; R(CDF) = 4,8 

I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
I 2 

3 
4 
5 
6 
7 
8 

0.22 
0.65 
LOS 
].51 
1.94 
2.3'l 
2.81 
3.24 

j 3.67 

I •-"' 

416 
366 
334 
187 
65 
11 

2 

123 
108 

99 
55 
!9 

3 
,6 

285 
250 
229 
127 

44 
7 
1 

70' 
345 
169 

83 
41 
20 
10 

30 August 74 Pass duration: 57 sec 
Begin time: 182000 GlT Sample volume: 1.7 

208 
102 

50 
24 
12 

6 
3 

Z(ACT) = 2187; R(ACT) = 6.5; Z(CDF) = 2761; R(CDF) = 5,5 

476 
515 
316 
111 

24 
3 

281 
304 
!87 
66 
14 

2 

650 
704 
433 
153 

32 
5 

827 
349 
151 
65 
28 
12 

488 
209 

89 
38 
16 

7 

1637 
616 
229 
88 
32 
12 

5 

481 
236 
116 

56 
28 
14 

7 

1130 
484 
206 
88 
37 
16 

30 August 74 Pass duration: 117 sec 
Begin time: 182200 GMT . Sample volume: 3.5 
Z(ACT) = 909; R(ACT) = 3,5; Z(CDF) = 938; R(CDF) = 2,8 

0.22 
0.65 

. 1.08 
1.51 
1.94 
2.38 
2.81 
3.24 

1252 
943 
454 
113 

19 

359 
270 
130 

32 
5 

831 
625 
301 

74 
12 

1751 
648 
240 

89 
33 

503 
186 

69 
26 
9 

1164 
4:11 
160 

60 
21 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
3.67 
4.05 

I ~ - J_ - I - I - I__ '"' 

I 30 August 74 Pass duration: 90 sec 
Begin time: 182605 GHT Sample volume: 2.7 

l __ z~ACT)-~ 221; R(ACT) = Ll; Z(COF) = 3~0~R(CDF) = L3 

1 0.22 
2 0.05 
3 1.08 
4 1.51 
5 L94 
6 2.38 
7 2.81 
8 3.24 
9 3.67 

10 4.05 

1375 
774 
!DO 
18 

3 

512 
288 

37 
7 
1 

__ ....:,..._~,.,._L~~-

1H!5 
667 

86 
16 

2 

1688 
433 
111 

28 
7 

Begin time: 183433 GfH Sample volume: 6.4 

628 
161 

41 
11 

3 

1

- 30 Jl.ugust 74 -- - -- - ~ . p~-~-~- d-ur-ati~~-;-2i"J sec 

l~(AC~-·-4~16; -R~~~~-= 10~8~ ~(~DF:-~_:254~~(CD~) :. 8,0 

1 
2 
3 
4 
5 
6 
7 
8 

2055 
1836 
1656 
675 
197 

30 

323 
288 
260 
106 

31 
5 

748 
667 
602 
245 

72 
12 

3468 
1603 

741 
343 
158 

73 

544 
251 
116 
54 
25 
11 

145~ 

373 
95 
25 

7 

I 125~ 
: 581 
i 269 

I 
! 
! 

125 
5S 
25 

9 
10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2,81 
3,24 
3,67 
4,05 

9 
10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.-38 
2.81 
3.24 
3,67 
4.05 

----...,.,,,.. --1-. __ :_ __ __l ___ ,l__.,!l ___ ..!,.l ---..IL.---.-.!J-~ . I l~---_..1 I I ·-



"' " 

!.~PJf'_..,_A-.J..d>.£9.P .•• .PilfJELl?...l{~~p~aJ;g.,._JJ_l!~t_,i!f.n_,eP,J£f!i~.!-~J&Kd B~fEom DC-6 Foil Imp~,E_~~~o,p'i:_igl!efi) = 

I Midpoint Actual Actual CDF CDF I 1 Midpoint I I Actual 

~=~""""""" '==-·-~.,..-·-=-· 

Actual I COF ! C:!l: 
Drop size \diameter Actual no. no. CDF no. no. Drop size diameter Actual· no. 
~tegory (~) no. (m3l1o-I) (m3~-1) no. (m3lln-l) (m3mm-l) category (~) no .... (m3llu-l) 

no. CDF no. I nc. 
(m3mm-l) no. (m3,;,~-_,1]._!___(_;_~ ··-l)_ 

__ -- r 1 l 6 September .74 t'ass aurat1on: ;J/ sec 6 September 74 Pass duration: 73 sec 

Z(ACT) = 10985; R(ACT) = 15.8; Z(COF) = 7868; R(COF) = 9.8 I 
Begin time: 125836 GMT Sample volume: 1.1 

l 
2 
3 

• 5 
~ 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
J.24 
3.67 
4.05 

106 
,.9 

ib~·· •s 
22 

8 

97 
136 
162 

97 
.4 
20 

7 

225 1 2,. 
315 152 
375 84 
225 47 
102 26 
46 14 
16 8 

250 
139 

77 
.3 
2. 
13 

7 

579 
322 
178 
100 

56 
30 
16 

f 6 September 74 

I 
Begin time: 130055 GMT 
Z(ACT) = 9246; R(ACT) = 15.5; 

' 

-~ Pass duration: 23 sec 
Sample volume: 0.7 
Z(COF) • 7589; R(COF) = 9.4 . 

1 
2 
3 
4 
5 
6 

'7 
8 
9 

10 

0.22 
0.65 
].08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

56 
86 

106 
62 
40 
16 

1 

80 
123 
152 

89 
57 
23 
1 

105 
285 
352 
206 
132 
53 

2 

162 
90 
51 
28 
16 

9 
5 

1 6 Septel!lber 74 Pass duration: 127 sec 

232 
130 

73 
41 
23 
13 

7 

I 
Begin time: 130231 GMT Sample volume: 3.8· 
Z(ACT) = 2851; R(ACT) • 6.6; Z(COF) = 2355; R(COF) = 4.3 

428 
429 
.60 
24. 
85 
14 

113 
113 
122 

64 
22 

• 

262 
262 
282 "8 
51 

9 

8,. 
.,5 
206 
103 

51 
25 

221 
110 

55 
27 
13 

7 

537 
301 
169 

95 
53 
30 
16 

512 
255 
127 
62 
30 
16 

l 
2 
3 

• 5 
6 
7 
8 
9 

10 

Begin time: 131925 GMT Sample volume: 2.2 
Z(ACT) = 2392; R(ACT) = 5.6; Z(COF) = 3489; R(COF) = 5.0 

0.22 
0.65 
1.08 
1.51 
1.91. 
2.38 
2.81 
3.24 
3.67 
4.05 

392 
261 
289 
121 

29 
7 
1 

179 
119 
132 

55 
13 

3 
.5 

.,. 
275 
306 
127 

30 
7 
l 

588 
274 
127 

59 
28 
13 

6 

269 
125 
58 
27 
13 

6 
3 

623 
289 
134 

62 
30 
14 

7 

= I 
I I •• ··~·.-· .. 

I ·----··-
6 September 74 Pass duration: 157 sec 
Begin time: 132412 GMT Sample volume: 4.7 
Z(ACT) = 13819; R(ACT) • 18.1; Z(COF) • 13553; R(COF) 

, _____ . ·--- -- .. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

631 .,1 
546 
354 
319 
123 

27 
6 

135 
105 
117 

76 
68 
26 

6 
l 

312 1072 
243 612 
271 349 
176 199"" 
157 114 

60 65 
14 37 

2 21 

12.6 

229 
131 

75 . i ., . 
2. ! 
14 ! 

8 I 
5 ! 
- ! 

530 
303 1,. 
100 

56 
32 
19 
12 

---· ·~ I 1 i ---~--...-....-..~ 

l 
2 
3 

• 5 
6 
7 

-------·-
6 September 74 Pass duration: 133 sec 
Begin time: 132839 GMT Sample volume: 4.0 
Z(ACT) • 12006; R(ACT) = 13.0; Z(COF)=17348; R(COF)•12.5 

905 
595 .,, 
2 •• 

"2 
7l 
15 

4 

227 
"9 
10. 
61 
36 
18 

• 1 

525 ,.5 
2., 
"l 83 ., 

9 

1146 
598 
312 
163 

85 
.4 
23 
12 

288 
150 

78 ., 
21 
11 

6 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.9. 
2.38 
2.81 
3.24 
3.67 
4.05 

8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

3 
1 

.7 
.2 

2 
2 
.5 

I I I I I ; I ··-·~·-·-·· 
3 
2 
.7 

667 
347 
181 
95 
49 
25 
14 

7 
5 
2 



0'> 
00 

~U<!point Act11al Actual CDF CDF ~Hdpoint' A,:tual 1\c"tual Cllf ! cnr I I ' ' 
;,.p;,e ,;-].Drop Distribution Data Obtai-fed 'Wii;;.f)oud lase fro~ DC-6 F~~Jl Imp,a~&-. .fS&~-~t;.!,').~'l.". . ~~· I ~~. -~--~----- · .... 

cat1'.1!2!1' I \_mn) no. (m'•n-l) 1!•'~-1) no:· I (m'•n-1) (m3~-1) ~";;!!2ry _(»""_) I no. (m'•o-1) ,(m3mm~1) I nc._l":~~:~.L'}c'.';o-.-;2. 0['op size dic:meter Actual no. no. CDF uo. no. Drop size diameter Actual , no. -no. CDF no. I no. 

.. ' o o • A-. ------r ! 6 SeDtenber 74 r-t~:s::o uura1o~uu; ,..,, ::;!;!~,; 
! Begin time: 135100 GMT Sample volume: 4.4 
I Z(ACT) = 29532; R(ACT) = 27.6; Z(COF) = 28150; R(COF) = 20.0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
'),2{, 

3.67-
4.05 

611 
551 
565 
410 
299 
143 

77 
21 

8 

139 
126 
129 

94 
68 
33 
18 

5 
2 

322 
292 
299 
218 
157 

76 
42 
12 

5 

1089 
647 
385 
229 
136 

81 
48 
29" 
l7 

js SepteT"'ber 74 Pass duration: 100 sec 
1 Begin time: 135540 GI•IT Sample volume: 3.0 

249 
148 

88 
52 
3i 
18 
11 

6 
4 

I Z(ACT) = 30001; R(ACT) = 28.4; Z(COF) = 29056; R(COF) = 20.6 

' 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
.2 

3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
L51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

436 
374 
388 
306 
217 
107 

41 
19 

5· 

146 
125 
130 
102 

73 
36 
14 

6 
2 

338 
289 
301 
236 
169 

83 
32 
14 

5 

768 
457 
271 
161 

96 
57 
34 
20 
12 

i -1 

6 September 74 Pass duration: 50 sec 
Begin time: 135850 GMT Sample .volume: 1.5 

25.7 
153 

91 
54 
32 
19 
11 

7 
•• 

Z(ACT) = 27894; R(ACT) = 29.5; Z(COF) = 19703; R(COF) = 17.5 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

167 
. 204 
168 
147 
127 

67 
21 

9 

112 
137 
112 
98 
85 
45 
14 

6 

259 
317 
259 
227 

"197 
104 

32 
14 

362 
218 
131 

79 
48 
29 
17 
10 

242 
146 

88 
53 
32 
19 
12 

7 

576 
343 
204 
120 

72 
42 
25 
14 

9 

] 
595 
354 
211 
125 

74 
44 
25 
16 

9 

560 
338 
204 
123 

74 
44 
28 
16 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

6 September 74 Pass duration: 147 sec 
Sample volume: 4.4 Begin time: 142930 GMT 

Z(ACT) = 9041; R(ACT) = 14.6; Z(CDF) = ll693; R(COF) = ll.1 

0.22 
0.65 
1.03 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

383 
420 
611 
453 
243 

66 
12 

2 

87 
96 

139 
103 

55 
15 

3 
.5 

--·-~----· 

201 
222 
322 
238 
127 

35 
7 
1 

9631 539 
302 
169 
95 
53 
30 
17 

220 
123 

69 
39 
22 
12 

7 
4 

. i 

' i 

509 
:ss 
160 
90 

" 28 
16 

9 

I I 
~~--~~~ ..,-=-..... --- ,._.,.,._, 

1

-----·-- .. ·- ------------
14 September 74 Pass duration: 157 sec 

I 
Begin time: 121000 GMT Sample volurr.e: 4.7 

_z(ACT~--=- 9244·;-R(ACT). = 15.5; Z(COF) = 12627; R(COF) = 12.2 

1 0.22 478 
2 0.65 518 
3 1.08 824 
4 1.51 513 
5 1.94 288 
6 2.38 56 
7 2.81 16 
8 3.24 2 
9 3.67 -

10 4.05 -

102 
111 
176 
110 

61 
12 

3 
.4 

236 
257 
407 
255 
141 

28 
7 
1 

1206 
666 
368 
203 
112 

62 
34 
19 

258 
142 

79 
413 

24 
13 

7 
4 

597 
329 
183 
100 

56 
30 
1o 

9 

--·---~· ~. ~--=-'=~-~.!..-..- -. ..-... ~-. ...... ~-... 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

14 September 74 Pass duration: 137 sec 
Begin time: 125154 GMT Sample volume: · 4.1 
Z(ACT) = 16836; R(ACT) = 20.5; Z(COF) = 21800; R(COF) = 15.6 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

357 
327 
449 
380 
296 
117 

25 
8 
2 

87 
80 

110 
93 
72 
29 

6 
2 
.5 

201 
185 
255 
215 
167 

67 
14 

5 
1 

I 798 
473 
281 
166 

99 
58 
35 
21 
12 

196 
116 

69 
41 
24 
14 

8 
5 
3 

454 
269 
160 
95 
56 
32 
19 
12 

7 

I I I I ,,,.,...,.,..,._,,..,. ...... . 



"' . .0 

J..;.p,~ ~-.li: L£1'.2--,...]2_.£,!?V,.l]J~i.P!.l---!!!1~! .. P}!.t;1

1
i l,.,~d...!!!!..J!.~ ... C.,J,gu~1.~JJ.a;'U'b£59!fbVC.;;..6=f_o.iLJE!P!-£,t£,.r.,.._ . .Js..o.n,t_,in,:~e.dJ~ ... -~ .-- -~~ --··-~- .-..-~ ...-~~-· ~~-~.......-~~---- .. 

: H!dpoint I I Actu.J.l Actual CDF COF Nidpoint Actual ,\ctual ' C!JF I Cll! I I ' ' 11 I I ' 1 I i 
Drop size \ di3t:eter Actual [ no. nc. CDF no. no. 1 tlrop sb:e diameter Actual no. no. CIJF no. tw. 

ontegory 
1 

(=l 1 no:.J (o
3
•o-I) •_ ("'"~~-) ::: (m3WI) (m3~.,-l) 11 _;•,';~'.' --- (~~m) -· no~_t3_;D~~) ~~~~!)I ~~~L~~~~-.::.~~~-> 

I 14 SepteriDer /4 Pass duraticr.: "'u sec 
Saltlple volume: 0.9 Begin time: 130130 Gf·:T 

I Z(ACT) • 1917; R(ACT) • 
I 

5.2; Z(CDF) • 2062; R(CDF) • 4.0 

1 il 0.22 
2 0.65 
3 1.08 
4 : 1.51 
5 i 1.94 
6 

1

. , .)s 
7 2. 81 

138 
138 
110 

53 
10 

2 

154 
154 
123 

59 
11 

2 

356 I 
356 1 

285 -1 
137 1 

25 
5 

8 1;.24 _, -1 
,: I :::~ : I : I : 

I I __ j 

244 
112 

51 
24 
11 

5 

272 
125 

57 
26 
12 

6 

630 
289 
132 

60 
28 
14 

114 September 74 - Pass dura-t.,-io_n_: -2"'1-3-sec ·---l 
I 

Begin time: 132515 GMT ~ Sample volume: 6.4 
' Z(ACT) • 23007; R(ACT) • 26.3; Z(CDF) = 275~7; R(COF) • 19.5 I 

i 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
LOS 
:..51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

562 
660 
845 
791 
519 
216 

73 
18 

5 

88 
109 
133 
124 
82 
34 
11 

3 
.8 

232 537 
139 322 

83 192 

204.. 11482 
241 887 
308 530 
287 317 50 116 
190 190 30 69 

79 114 18 42 
25 68 11 25 

7 41 6 14 
2 24 4 9 

1 14 September 74 ·-·-P,-ss-c-·u-r-at-io-n~227-.-.-c---·---1 II 

I 
Begin time: 135128 GHT Sample volume: 6.8 I 
Z(ACT) • 31173; R(ACT) • 29.1; Z(COF) • 39101; R(CDF)•23.0 

' 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

732 
841 
801 
694 
510 
256 
111 

27 
10 

4 

108 
124 
118 
102 

75 
38 
16 

4 
1 
.6 

250 
287 
273 
236 
174 

88 
. 37 

9 
2 
1 

1581 
954 
576 
347 
210 
126 

76 
46 
28 
15 

234 
141 

85 
51 
31 
19 
11 

7 
4 
2 

542 
326 
197 
118 

72 
44 
25 
16 

9 
5 

14 September 74 Pass duration: 47 sec 
Begin time: 142100 GriT Sample volume: 1.4 
Z(ACT) • 32064; R(ACT) • 24.8; Z(CDF) • 32682; R(CDF) • 19.4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

167 
177 
151 

84 
76 
43 
22 

4 
3 
2 

120 
127 
108 

60 
55 
31 
16 

3 
2 
1 

278 
294 
250 
139 
127 

72 
37 

7 
5 
2 

294 1 
liS 

lOS I 
&3 

37 I 
22 
13 : 

8 
5 
3 

14 September 74 Pass duration: 103 sec 

211 
126 

75 
45 
27 
16 
10 

6 
3 
2 

1

---·--- ... -·-·- -·-·--·-- .. 

Begin time: 145043 GHT Sample volume: 3.1 
I .... ~~CT)-· 40938; .R(ACT) • 33.9; Z(CDF) • 44112; R(CDF) • 24.9 

488 
292 
174 
104 

62 
37 
23 , . .. 

7 
5 

-------
1 
2 
3 
4 
5 
6 
7 
8 

208 
245 
259 
211 
199 
111 

30 
21 

' 651 ! 

405 1 
252 
157 
98 
61 
38 
23 

2!1 
131 

82 
51 
32 
20 
12 

8 

453 
303 
190 
118 

74 
!16 

28 
19 

9 
10 

----!.......--...1...--. .1....---'---'-1_'_~-"--.. -·-"·--, ·--

0.22 
0.65 
1.08 
1.51 
1.94 
2.38 
2.81 
3.24 
3.67 
4.05 

278 
326 
346 
281 
266 
149 

40 
27 

7 
3 

90 
106 
112 

91 
86 
48 
13 

9 
2 
1 

5 
2 

5 
3 

12 
7 



Drop size eategory Minimum drop diameter Maximum drop diameter 

1 0 0.43 

2 0.43 0.86 

3 0.86 1.30 

..... 4 1.30 1. 73 
0 

5 1. 73 2.16 

6 2.16 2.59 

7 2.59 3.02 

(I 3.02 3 •. 46 

9 3.46 3.90 

10 3.90 4.27 



Appendix B 

Drop Size Distributions from the Researcher Distrometer 

This appendix presents the.complete list of 137 drop size distributions 
collected at the surface from the NOAA ship Researcher for 9 days analyzed for 
GATE. The heading section for each drop size'distribution contains the date, 
the beginning time, and the sampling duration, which, for consistency, was 
kept constant at 120 seconds. It also gives the computed Z and R values for 
the actual data set and the modified data set. Column 1 gives the 20 drop 
categories with the midpoint values for each category shown in column 2. The 
actual number of drops sampled in each category is listed in column 3. 
Columns 4 and 5, respectively, show the normalized distribution for a ~D 
spacing of .25 mm and the normalized distribution for a ~D spacing of 1.0 mm 
from the actual data, Columns 6 and 7 present the normalized distributions 
from the modified data set, Column 6 gives the normalized distribution for 
a ~D spacing of .25 mm and column 7 gives the normalized distribution for a 
~D spacing of 1.0 mm. 

71 



r~!~~~~n~~!~--~------~::n~l:--~~~~-~~on: ----~-:~I· 
~(ACT)" __ 2~0_;_!!jACTl..:_':_:8; Z(I·IOD)= 950 ; R(l\0~)= 4.8 

---·------ ----
1 0.125 640 
2 o. 375 540 
3 0.625- 370 
4 0.875 250 
5 1.125 110 
6 1. 375 41 13.8 55.2 50 
7 1.625 28 8.3 33.2 8.3 

8 1.875 5 1.4 5,6 1.4 
9 2.125 

10 2.375 
11 2. 625 
12 2. 87) 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.1}75 

2560 
2160 
1480 
1000 

520 
200 
33.2 
5.6 

~~~~~:~~ .: ·---~= ~~·~~"""'·====Sa=m=p~1 =.=d=u"'r~a t=i=o=n=,-===1=2,0==,=.: I 
Z(ACT)= 330 ; R(AC~.L= l.O Z(fiOO)= 940 ; R(MOD)= 4.7 

1 0.125 
2 0.375 
3 0.625 
4 o. 875 
5 1.125 
6 1.375 65 
7 1.625 29 
8 1.875 4 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 1+.125 
18 4.375 
19 ,,,6?.5 
2() t,.sJs 

. ·- ---·-···. 

1 0.125 
2 0.375 
3 0.625 
4 0.375 
5 1.125 
6 l. .175 57 
7 1.625 '5 
a 1.075 8 
9 2.125 3 

10 2.175 2 
11 2.625 
12 2.375 
13 3.125 
14 3.375 
l5 3.625 
16 3.875 
I 7 l!.l25 
18 4. 375 
19 4.623 
20 4.075 

21.8 
8.6 
1.1 

-· 

1~.2 
13.3 

2.1 
0.8 
0.5 

87 :z 
34.~ 

4.4 

76.8 
53.2 
8.4 
3.0 
2.0 

640 
540 
370 
250 
130 

50 
8.6 
1.1 

640. 
540 
370 
250 
130 
50 
13.3 

2.1 
0.8 
0,5 

2560 
2160 
1480 
1000 

520 
200 
34.4 .. 
4.4 

2560 
2160 
ll!80 
1000 

520 
200 
53.2 

B.t, 
3.2 
2.0 

72 

-·-.. ·-·------
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

0. 125 
0.375 
0.625 
O.l375 
1.125 
1. 175 
1. 625 
1.875 
2.125 
2.375 
2.625 
2.875 
3.125 
3. 375 
3.625 
3.875 

17 4.125 
18 4.375 
19 4.625 
20 4.875 

ll6 
151 

62 
14 

4 
2 

------

39.0 
44.8 
16.7 
3.5 
0.9 
0.4 

999 3996 
960 3840 
sao 3200 

0 650 2600 
420 1680 

156 250 1000 
179.2 90 360 

66.8 16.7 66.8 
1l!.O 3.5 14.0 
3.6 0.9 . 3.6 
1.6 0.4 1.6 

1 ~~-~~~n{~!:·-- :~~:~~-· ------~~-~:n;~~-~ -~~-~ ~~-~-;-· ... :~. 2·~. ~-~c-]. 
31ACT)~_~;_~JACT)= 2.1 ; .Z(f.\~~~:..._~850;_~(~\0E!~ 8:.~-

----·- ---------· ------·-· . 
1 0.125 950 3800 
2 0.375 BOO 3200 
3 0.625 640 2560 
4 0.875 450 1800 
5 1.125 220 880 
6 1"~375 94 31.6 126.4 75 300 
7 .t. 625 7R 23.1 92.4 2:}.1 . 92.4 

·a 1.875 10 2. 7 10.8 2.7 10.8 
9 2.125 2 0.5 2.0 0.5 2.0 

10 2.375 
11 2.625 1 0.2 0.8 0.2 o.a 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
lR 4.375 
19 4.625 
20 4.873 

1

.29-June -74-- -----·-:--·---] 
Uegin time: NA Sample dUl·atlon: 120 s1~c 
7.(ACT)= 400 ; R(ACT)= 1.2; Z(llOD)= 1440 ; R(I·IOLl)o 7.7 
-·-·· -·--·- ···-·---------·----------- ·---- ·-·--·--·---··-- -·-------·. · ·--~ --·---· · ~-~-ii~·--r-- -------·-----------~i--

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1/, 
\5 
16 
17 
18 
19 
70 

0.(,25 
o.u75 
1.125 
1.375 79 
1. 625 38 
1.375 3 
2.125 
2.375 
2.625 
2.875 
3.125 
3.375 
3.(125 
3.875 
4. 125 
,,, 375 

'•· 625 
·'l-875 

26.5 
11.3 

0.8 

106.0 
1,5.2 

3.2 

640 
450 
220 

75 . 
11. 3 
0.8 

3800 
1200 
2560 
1800 
880 
300 
45.2 
3.2 ,_ 



Table B-1. Drop Distribution Obtained on Board NOAA Ship "Researcher" (continued) 
.,...-.;,_.,,.,.._, "=..!. • ..,,,.,.,.,:.~oo-..::: ~"''"'"· "~"=''""-"="'"..:~.-"'·'"'··'"=--=-""""""""=~=..:•'"·'-'"="'-"'"""""=•·:..·.:···='··""'"'"'""'"' "''""""-'"'""'- ,-.... ,.::..• .. · ~ , ...... ·- - '.., ·-"""'"""' '-'="· ,. '""""""'"''-'' 

Drop 
size 

category 

egin time: NA 
~9-.June 74 

(ACT); 340 ; RiACT); 

1 0.125 -
2 0.375 -
3 0.625 -
4 0.875 -
5 1.125 -
6 1.375 77 
7 1.625 13 
8 1.875 1 
9 2.125 ·-

10 2.375 -
11 2.625 -
12 2.875 -
13 3.125 -
14 3.375 -
15 3.625 -
16 3.875 -
17 4.125 -
.18 4.375 -
19 4.625 -
20 4.875 -

-::c;~~.~ -- ·---· - .. - --
29 June 74 

ACTUAl, !:Oil I FlED 

-
Sample duration: 120 sec 

0.8 ; Z(i10D); 1280; R(r10D); 7.3 

- - 950 3800 
- - 800 3200 
- - 640 2560 
- - 450 1800 
- - 220 880 

25.9 103.6 75 300 
3 .. 6 15.2 3.8 15.2 
0.3 1.2 0.3 1.2 
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -

·- - --

Begin time: NA Sample duration: 120 sec 
Z(ACT); 480 -~~~); 1.0; Z(~lOD); 1460 ; R(MOD); 7.7 

1 0.125 950 3800 
2 0.375 ·800 3200 
3 0.625 640 2560 
4 0.875 450 1800 
5 1.125 220 880 
6 1. 375 44 14.8 59.2 75 300 
7 1.625 35 10.4 41.6 10.4 41..6 .. 
8 1.875 6 1.6 6.4 1.6 6.4 
9 2.125 

10 2.375 

11 2.625 
12 2.875 
13 3.125 
111 3.375 
15 3.625 
16 3.875 
1 7 4.125 
18 4.375 
19 q.625 
20 4.875 

···-· -· -··. - ..... ----- ·--·-·- ·-------·-----L__ _________ _ 
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Table B-1. Drop Distribution Obtained on Doard NOAA Ship "R~searcl1er" (continued) 

~--.. J.. . . r ... ····.'.CTV!.!. r '!"!'!Ft!''' f .. -~. 6 ..... , AC:TIIAI... . W•I>IFII·.I>. 

Drop Hldpolnt ----- --·--·L-----1·--· ----~--------··· .. Vrop IIHlll'olnt ---------·-·· ... ~---· ··-· . -·. I 
aizc dL1titCtcr mw:hcr n11:r.l"~r mur.bm: number z;izc dinmr~trH . n~unbr!r nzuah:r ~umhc~r__ ~~·unh~r 

cnt:c-- 1n-, (rr.m) no. m-3(/tD)-1 m-11,1111-1 m-l(tll)-1 m-JMt!\-1 c.1tC'1~ory (n1:~) no. m-·i(llll)- 1 m-.lm,n 1 Ill 3 (/111) 1 1.: 1zum 1 

pY~tfn~;;!,~,~;;/A ------~~~~~:~,::;,~:~·1;; --;:cl \u3~gf,~;i:~:,~~~~- .. ~-501Hp;e dUI·:tlon:--·--1~~ -·::1 
Z(ACTL:._22~~-'- R(ACT)= 4.1 ; Z(_flOD)= 5920; R(i:o~: 12_~ ~(~i:_!l~-1~~~~ ~:.~~~.!)~_!~:~! Zi~~~\:135~o::~c~(fi~D)• 95 . .1._ 

1 0.125 700 2800 1 O.l25 1500 6000 
2 0.375 600 2400 2 0.375 1300 5200 
3 o.G25 soo 2000 3 o.r,2s 999 3996 
4 0.875 370 1480 4 0.875 950 3800 
5 1.125 220 880 5 l .125 800 3200 
6 1.375 105 35.3 141.2 160 640 6 1.375 43 14.ll 57.6 600 2400 
7 1.625 122 36.2 144.8 90 360 7 1.625 112 33.2 132.8 350 1400 
8 1.875 43 11.6 46.4 40 160 8 1.875 97 26.1 104.4 250 1000 
9 2.125 25 .· 6.2 24.8 6.2 24.8 9 2.125 122 30.4 121.6 130 52_0 

10 2.375 3 0.7 2.8 0.7 2.8 10 2.375 65 15.2 60.8 50 200 
11 2.625 11 2.625 66 14.7 58.8 14.7 58.8 
12 2.875 12 2.875 30 6.4 25.6 6.4 25.6 
13 3.125 13 3.125 2 0.4 1.6 0.4 1.6 

14 3 . 375 14 3.375 1 0.2 o.8 0.2 o.8 

15 3.625 15 3.625 
16 3.8~ 16 3.875 
17 4.125 17 4.125 
18 4.3~ 18 4.375 
19 4.625 19 4.625 
w 4.a~ w 4.875 

a~o;~n:i~::-=~~~ ~a~~le -~~;atio~~ -120 -~e-~~ ~~3~~~~~:~:~::-~:~=~----~-- :-~::~~-: -~~~-~~~~~-:. -~;~ ··:·~c]. · 
Z(ACT)= 6290; R(AC'!_)= 7.1; Z(MOD)=1B100; R(/100)= 40.1 -~(ACT)=293BO ;R(ACT)= 36.3;_Z(JI00!=5!A70; ~(J:~I_l!7J.4:~. 

1 0.125 999 3996 
2 0.375 950 3800 
3 0.625 BOO 3200 
4 0. 875 640 2560 
5 1.125 450 1800 
6 1.375 44 14.8 59.2 300 1200 
7 1.625 89 26.4 105.6 200 BOO 
B LB75 71 19.1 76.4 110 440 
g 2.125 46 11.5 46.0 30 120 

10 2.375 29 ' 6.8 27.2 6.8 27.2 

1 0.125 
2 0.375 
3 0.625 
4 O.B75 
5 1.125 
6 1~375 

7 1.625 
B 1.875 
g 2.125 

10 2.375 

,~J 
- -- --· ·-

1500 6000 
1300 5200 

999 3996 
950 3800 
800 3200 

57.1 228.4 600 2400 

4021 
119.2 476.8 350 11+00 

377 101.5 .406.0 250 1000 
282 95.3 381.2 130 520 
130. 30.5 122.0 50 200 

11 2.625 11 2.4 . 9.6 2.4 9.6 ll 2.625 69 15.4 61.6 15.4 61.6 
12 2.87') 11 2.3 9.2 2.3 9.2 12 2.875 16 3.4 13.6 3.4 13.6 
13 1.125 13 3.125 
14 3,375 1 0.2 0.8 0.2 0.8 14 3.375 
15 3.625 15 3.625 
16 3.075 16 3.875 
1 7 4 .1?.5 17 4.125 
1B 4.375 18 4.375 
19 4.625 19 4.625 
20 4.875 __ , ____ --------- 20 4 .87.5 

- -·- ···--- . . .. ----- -- ------------

1 ;~~¥~"-t;~-::·-~;~----- S=~~ duration: 120 secl 
Z(A.Cn~. 1 0_1_60.!.~ (~~!~~-2.:.5.~~~(/IOOl:_l_fl~~O ; . R(fl~!':~~::~ 

-, :lcl June.74 -~-
Begin tin1c: N/A Sample duration: 120 sec 
Z(ACT)~ 9530 ; R(ACT)= 15.6; Z(/100)=16050 ; R(/·100)= 39.5 
--. ·-·--·-·---·-·-------·--------·-----------· 

1 0.125 
2 0.375 
3 0.625 
'• 0.875 • 

999 3996 
950 3800 
800 3200 
640 2560 

1 0.125 99"9 3996 
2 0.375 940 3760 
3 o.G25 800 3200 
4 0.875 600 2400 

~ 1. l25 450 1800 5 1.125 500 2000 
6 1. 375 199 66.9 267.6 300 1200 6 1.375 179 60.1 240.4 350 11100 
7 1. 625 240 71.2 284.8 200 BOO 7 1.625 375 111.2 444.8 200 800 
8 1. 875 160 
9 2.125 69 

10 2.375 16 

43.1 172.4 110 f.t,o 
17.2 68.8 30 120 

3.B 15.2 3.8 15.2 

8 1.875 ~14 57.~ 230.4 100 400 
9 2.125 109 27.2 108.8 27.2 108.8 

10 2. 375 26 6.1 24.4 6.1 24.4 
11 2.625 6 1.3 5.2 1.3 5.2 11 2.625 10 2.2 8.8 2.2 ::.8.8 
12 2.875 12 2.875 
13 3.125 7 1.4 5.6 1.4 5.6 13 3.125 
14 3.375 2 0.4 1.6 0.4 1.6 14 3.375 
15 3.625 4 O.B 3.2 0.8 3.2 15 3.625 
16 3.875 16 3.875 
17 4.125 17 4.q5 
18 4.375 IB 4.375 
19 4.625 19 t,, 625 
20 4.875 20 4.875 

··:··.~·-~ .•• :::c __ ·.::-.:.-··-·· .. -~ --''"""'-"'"-""-"~ --"-'---"-='"· ----"~-"'"-~~.-·.,.··· 
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-,.----,---- --·-··--
1 0.125 

---- ---
BID )1100 

2 0.175 700 2800 
3 0. 625 530 2120 
4 0.875 370 1480 
5 1.125 260 1040 
6 1.375 58 19.5 78.0 150 600 
7 1.625 78 23.1 92.4 70 280 
8 1.875 29 7.8 31.2 7.8 31.2 
9 2.125 15 J.7 . lit .8 3. 7 14.8 

10 2.375 4 1.0 4.0 0.9 3.6 
11 2.625 2 0.4 1.6 0.4 1.6 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16- 3.875 
17 4.125 
18 4.375 
19 4.G25 
20 4./J75 

Ti) June 74- ~~<d<~~==="--==-"'···Cc-===='-•=== I 
:gegin time: N/A Sample duration: 120 sec 
'Z(i\CT)= 4490· R(ACT)= 8 7 • Z(I·IOD)= 8750; R(I·IOD)= 25.2 , ! -· • 

l 0.125 - -
2 0.375 - -
3 0.625 - -
4 0.875 - -
5 1.125 - -
6 1.375 211 70.9 
7 1:625 239 70.9 
8 1.875 114 30.7 
9 2.125 43 10.7 

10 2.375 7 1.6 
11 2..625 2 0.4 
12 2.875 - -
13 3.125 - -
14 3.375 - -
1 s 3.625 - -
16 3.875 - -
17 4.125 - -
18 4.375 - -
19 4.62.5 - -
2l' 4.875 - -
. - --- ··- ~~- ·-·· .. --- -----

30 J~ne-··74·---------- . I 
Be1in time: N/A . Sample duration: 120 sec 
Z(1\CT)= 4420; lt(ACT)= 8.0; Z(IIOD)= 9170; R(f!OD)= 25.6 

.. ·-- --- ..... -------------------------------------------------- . -.- ·- 1" ·-----··· -·· ----· 

0.!25 999 3996 
2 0 .. 175 900 3600 
3 0. 625 700 2800 
4 0.075 550 2200 
5 1.125 400 1600 
6 1. 375 159 53.4 213.6 250 1000 
7 1.025 218 64.6 258.4 120 480 
8 1. 875 96 25.8 10:!.2 " 216 
9 2 .'125 50 12.5 50.0 12.5 50.0 

10 '}. 17 5 7 1.6 5.4 1.6 5.4 
11 2. fJ25 2 O,l, 1.6 0.4 1.6 
12 2.875 2 0."4 1.6 0.4 1.6 
13 3.125 
1/, '3. 375 
15 3.625 
16 3.875 
17 4.125 
10 4. 3 7') 
19 4. (125 
20 4. fl75 

__ ,. _ _]' ,• ,_I -

850 3400 
700 2800 
530 2120 
370 HBO 
260 1040 

196 65.9 263.6 150 600 
130 38.5 15'1.0 70 280 

27 7.3 29.2 7.3 29.2 
8 2.0 8.0 2.0 . 8.0 
3 0.7 2.8 0. 7 2.8 
2 0.4 1.8 0.4 1.8 
1 0.2 0.8 0.2 0.8 

0.8 

---~--- --- ----------

1

··3o-June -74 . 
Begin time: N/A Sample duration: 120 sec 
Z(ACT)• 620 ; R(ACT)= 1.8; Z(IIOD)= 3420 ; R(NOD)= 15.2 
-···-- ·-----··-·------ -~---------···-·----· 
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-

Table B-1. Drop Distribut:f.on Obtained on Board NO/lA Ship "Researcher" (continu~d) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

r 

0.125 
o. 375 
0.625 
0.875 
1.125 
1. 375 
1. 625 
1.875 
2.125 
2. 375 
2,625 

12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

30 
12 
1 

ACTUAl. ~!OD IF 1 ED 

600 2400 
450 1800 
320 ] 280 
210 8'•0 
100 400 

10.0 40.0 45 180 
3.5 14.0 3.5 14.0 
0.3 1.2 0.3 1.2 

-3'0 June74 -~~ ~--~· ~~~~~===='~===· =~===--
segin time: N/A Sample duration: 120 secJ Z(ACT)= 500 ; R(ACT)= 1.2 Z(l·IOD)= 3430 ; R(I·IOD)= 15.2 

1 0.125 1500 6000 
2 0.375 1200 4800 
3 0.625 800 3200 

4 0.875 600 2400 
5 1.125 360 1440 
6 1.375 66 22.2 BS.S 220 880 
7 1.625 45 13.3 53.2 45 180 
8 1. 815 5 1.4 5.6 1.4 5.6 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 . 3.125 
14 3,375 
15 3.625 
16 3,875 
17 4.125 
18 4.375 
19 4,625 
20 4,875 

l 
" ----------- . 

30 June 74 · 
Begin time: N/A Sample duration: 120 sec 
z ( ilcn~ _ ~so ... L~(AC!2~-~. o.i~\l!9El~-~~o ; R ( ~~~!:25.:_!>_ I 

l. 0.125 
2 0.375 
3 0.625 
4 0.875 
5 ~-125 
6 1.375 
7 1.625 
8 1.875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3. 375 
15 3.625 
16 3. 87~ 
17 4.125 
18 4. 375 
19 

''· 67.5 
.i:G 

I. ,..,<: ....... _. .I. 

98 32.9 '131 .• 6 
59 17.5 70.0 
10 2.7 lO.B 

6 1.5 6.0 

.- ! 

1500 
1200 

BOO 
600 
360 
220 
45 

2.7 
1.5 

.I 

6000 
4!100 
3200 
2400 
1440 

880 
180 

10.8 
6.0 

1 0.125 
2 0.375 
3 0.625 
4 O.l175 
s 1.125 
6 I. 375 
7 1. 625 
8 1.875 
9 . 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

165 
101 
14 

3 

55.4 
30.5 
3.8 
0.8 

221.6 
122 
15.2 

3.2 

900 
760 
600 
480 
300 
140 

38 
3.8 
0.8 

3600 
30<'10 
2400 
1920 
1200 

560 
152 
15.2 

3.2 

~~M:!~1::~~:;;:=,c:~-ii~~~J~~g~g8;~k(IIO:)~~~tY]· 
- ... :--= - . - --------- ......... . 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
l1 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
llo 
15 
16 
17 
18 
19 
20 

0.125 
0.375 
0.625 
0. 875 
1.125 
1~375 

1.625 
1.875 
2.125 
2.375 
2.625 
2. 875 
3.125 
3.375 
3.625 
3.875 

.4.125 
4.375 
4.625 
4.875 

0.125 
0.375 
0.625 
0.875 
1.125 
1.375 
1.625 
l. 875 
2.125 
2.375 
2.625 
2.875 
3.125 . 
3.375 
3.625 
3.B75 
4.];15 
4. 175 
4.6:.0.~ 

4.875 

22 
13 

2 
3 

11 

5 
2 

51 
44 
19 
27 
7 
7 

7.4 
3.8 
0.5 
0.8 
2.6 

1.1 
0.4 

17.1 
13.0 
5.1 
5.7 
1.6 
1.6 

2g.6 
15.2 

2.0 
3.2 

10.4 
4.4 
1.6 

68.4 
52.0 
20.4 
22.8 
6.4 
6.4 

1500 
1300 

---

999 
BOO 
500 
300 
150 

55 
0.8 
2.6 
1.1 
0.4 

1500 
1300 
999 
800 
500 
300 
150 

55 
5.7 
1.6 
1.6 

6000 
5200 
3996 
3200 
2000 
1200 

600 
220 

3.2 
10.4 
4.4 
1.6 

6000 
52.00 
3996 
3200 
2000 
1200 

600 
220 
22.8 
6.4 
6.4 



1 0.125 
2 0.375 
3 0.625 
4 0.875 
5 1.125 
6 1. 375 
1 1. 625 
6 l.IJ75 
9 2.125 

10 2.315 
11 2.625 
12 2.875 
13 3.125 
1.4 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.1375 

40 
55 
55 
36 
10 

13.4 
16.3 
14.8 

8.9 
2.3 

53.6 
65.2 
59.2 
35.6 
9.2 

---- ~-·--
lSOO 6000 
1300 5200 
999 3996 
800 3200 
500 2000 
300 1200 
150 600 
55 220 

8.9 35.6 
2.3 9.2 

30 .. sune "7 4-=-... = 4

• 
·""'"'~='=-·~~·""·=·--··---

Sample duration·~-~~~-s·: ., 
Z(IIOO)= 30~0 ; R(IIOO)= 12.3_ 

Begin time: N/A 
Z(ACT)= 1660 ; R(AG_~)= 3.0 

1 0.125 900 3600 
2 0.375 760 3040 
3 0.625 600 21;00 
4 O.IJ75 480 1920 
5 1.125 300 12CO 
6 1. 375 8< 28.2 112.8 140 560 
7 1.625 95 28.2 112.8 38 152 
9 1. 875 22 5.9 23.6 5.9 23.6 
9 2.125 13 3 • .2 12.8 3.2 12.8 

10 2.375 1 . 0.2 0.8 0.2 0.8 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
J7 t,,lz5 
18 4.375 
19 4.625 
20 4.875 

1 0.125 750 3000 
2 0.375 600 2400 
3 0.625 470 1880 
4 0. 875 350 1400 
5 ~ • .125 
6 1. 375 

250 1000 
40 13.4 53.6 160 640 

7 1. 625 51 15.] 60.4 90 360 a 1. 875 1,5 12.1 4£:.1, 40 160 
9 2.125 

10 2.375 
21, 6.0 24.0 15 60 
22 5.2 20.8 . 5.2 20.8 

II 2.1i25 7 1..6 (j ,1, 1.6 6.4 
12 2.875 3 0.6 2.4 0.6 2.4 
13 3.125 
14 3.375 
IS 1.625 
16 3. 875 
1.7 ~. 125 
10 I,. 315 
I; 4 ,(12:1 
70 4.6/) I II 

77 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
IS 
16 
17 
18 
19 
20 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
i3 
14 
15 
16 
17 
18 
19 
20 

0.125 
0.375 
0.625 
0.[175 
1.125 
I. 375 66 
1.625 133 
1.875 75 
2.125 42 
2.:ns 18 . 
2. 625 6 
2.875 2 
3.125 1 
3.375 
3.625 
3.875 
4.125 
4. 375 
4.625 
4.875 

-·- --·--
0.125 
0.375 
0.625 
0.875 
1.125 
L375 92 
1.625 105 
1.875 83 
2.125 79 
2.375 65 
2.625 38 
2. 875 12 
3 • .125 7 
3.375 2 
3.625 1 
3.875 1 
ti.125 
4. 375 
4.625 
4.875 

22.2 
39.4 
20.!, 
10.5 

4.2 
1.3 
0.4 
0.2 

30.9 
31.1 
22.3 
19.7 
15.2 

8.5 
2.6 
1.4 
0.4 
0.2 
0.2 

750 3000 
600 2!.100 
470 1880 
350 1400 
250 1000 

88,8 160 640 
157.6 90 360 
81.6 40 160 
t,2.0 15 60 
16.8 4.2 16.8 

5.2 1.3 ~.2 

1.6 0.4 1.6 
0 • .8 0.2 o.a 

. ---- ...... 

999 3996 
950 3800 
800 3200 
650 2600 
500 2000 

123.6 350 1400 
124.4 230 920 

89.2 130 520 
78.8 60 240 
60.8 25 100 

34.0 8.5 34.0 
10.4" 2.6 10.4 
5.6 1.4 5.6 
1.6 0.4 1.6 
0.8 0.2 0.8 
0.8 0.2 0.8 

·--·-- ·----- ---------

l
-3iiJu0._7_4___ . . ., 
llegin time: N/A Sumplc duration: 120 sec 
Z(ACT)=20000 ; R(ACT),,1B.3; Z(IIOD)=34970; R(/·100)=57.0 
--.-- ---·-- ···-··-------··- ------ ------·--·-~---·-·------··--· 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
l7 
IIJ 
19 
:!U 

0.125 
0.375 
0.625 
0.875 
1.125 
1. 375 
1.625 
1.875 
2.125 
2.375 
2.625 
2.875 
3.125 
3. 375 
3.625 
J. 875 

'•· q5 
'•. 375 
'•. r.:~J 
'• .l!?'i 

g; 
203 
12<', 
178 

t,7 
55 
24 
11 
4 
1 
I 

~---·-r·---·--·--- ~;~ - --ii~i-

31.9 
60.2 
33.4 
29.4 
11.0 
12.3 
5.1 
2.3 
0.8 
0.2 
0.2 

127.6 
240.8 
133.6 
ll7.6 

44.0 
49.2 
20.'• 
9.2 
3.2 
0.8 
0.8 

800 3200 
650 2600 
500 2000 
350 1400 
230 920 
130 520 

60 
25 
12.3 

5.1 
2.3 
0.8 
0.2 
0.2 

I. ·''"" .. -· 

2{,Q 

100 
'~9. 2 
20.4 
9.2 
3.1. 
O.P. 
0.8 



--------- ~·----

1 0. 1?.5 300 1200 
2 0.375 250 1000 
3 0.625 180 7?.0 
4 0.875 140 560 
5 1.125 100 400 
6 1. 375 36 12.1 48;4 80 320 
7 1.625 86 25.5 102.0 60 240 
8 1.875 117 31.5 126.0 45 180 
9 2.125 101 25.2 100.8 25 100 

10 2.373 38 8.9 35.6 8.9 35.6 
11 2.625 47 10.5 42.0 10.5 42.0 
12 2.S7J 24 5.1 20.4 5.1 20.4 
13 3 .1:!5 13 2.7 10.8 2.7 10,8 

14 3.375 8 1.6 6 .t. 1.6 6.4 

15 3.625 6 1.2 4.8 1.2 4.8 

16 3.875 5 1.0 4.0 LO 4.0 
17 /1.125 
18 4.375 
19 4.625 
20 4.875 

~r~·-~~~ -~~--uly 74 
Sample duration; 120 sac! in time: 1747 Gt·\T; 

~:!_)= 536_1l_O__;__R(i':£~)= 45.1 Z(l·!OD)= _ 55130; R(MOD)= 52.8 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
l/• 
15 
16 
17 
18 
1Y 

• 20 

0.125 
0.375 
0.625 
0.875 
1.125 
1. 375 
1.625 
1. 875 
2.125 
2.375 
2.625 
2.875 
3.125 
3.375 
3.625 
3. 375 
4.125 
4.375 

I 4.625 L 4.e;s 

lOB 
236 
282 
299 
157 . 

149 
65 
24 
16 

5 
3 
3 

36.3 
70.0 
75.9 
74.6 
36.9 

33.2 
13.9 
5.0 
3.2 
1.0 
0.6 
0.6 

145.2 
280.0 
303.6 
298.4 
147.6 

132.8 
55.6 
20.0 
12.8 
4.0 
2.4 
2.4 

600 
500 
350 
300 
200 
150 
110 

80 
60 
40 

33.2 
,13.9 

5.0 
3.2 
1.0 
0.6 
0.6 

21+00 
2000 
1400 
1200 

BOO 
600 
440 
320 
240 
160 

132.8 
55.6 
20.0 
12.8 

4.0 
2.4 
2.4 

I ... ··--·-·.-·----------------~ 
10 July 74 
!13~qin tinm: 1749 GI-lT S;mplc (luration: 1?.0 sec 
!Z(i\CT)= 72940; R(ACT)= 44.2; Z(liOO)= 81070; R(t:OD)= 61.5 
' .. - .. ~- ----------------------·- ---------------------------

1 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

" 15 
\6 
17 
10 
19 
~0 

j
. 0.125 

0.375 
0.625 
o.S75 
1.125 
1. 375 
1. 625 
1. S75 
2.125 
2.. 175 
2,t,25 
2. 87~ 
3.125 
3.375 
1.l•.!5 
3.875 
t,, L!5 

'•. 37~ 
4 ,(·~5 
,,_:')75 

~ I 
- I 
511 17.1 

155 46.0 
163 
136 
107 
118 

93 
46 
33 
20 

7 

43.9 
46.4 
25.1 
26.3 
19.9 
9.5 
6.4 
3.9 
1.4 
0.8 
O.B 

68.1, 
181,,0 
175.6 
185.6 
100.4 
105.2 

79.6 
38.0 
25.6 
15.6 
5.6 
3.2 
3.2 

·- ----------··--;··---- ----
600 
500 
350 
300 
200 
150 
110 
so 
60 
'•O 
26.3 
19.9 
9.5 
6.4 
3.9 
1.4 
0.8 
0.8 

21l00 
2000 
1400 
1200 

800 

600 
1,40 
326 
21;0 
160 
105.2 

79.6 
38.0 
25.6 
15.6 
5.6 
3.2 
).2 

,, 

I 
I 

.I 

1 0. 125 
2 0.375 
3 0.62.5 
4 0.875 
5 1.125 
6 1. 375 
7 1. 625 
8 1.375 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13, 3.125 
lfl 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

175 
315 
230 
308 
134 
240 
173 

83 
50 
35 
10 

5 

58.8 
93.4 
6"i.9 
76.8 
43.2 
53.5 
37.1 
17.2 
10.1 

6,9 
1.9 
1.0 

235.2 
373.6 
2117.6 
307.2 
172.8 
214.0 
148.4 

68.8 
40.4 
27.6 

7' 6 
4.0 

·-· ... ---- .. 
999 
900 
700 
600 
450 
300 
250 
200 
140 

80 
53.5 
37.1 
17.2 

. 10.1 
6.9 
L9 
1.0 

3996 
3600 
2800 
2400 
1800 
1200 
1000 

BOO 
560 
320 
214 
H8.4 
68.8 
40.4 
27.6 
7.6 
4.0 

~f-ii~l?~~~~~.- irtz~,~~~~l;~,J1ii~~r~~¥~~~i~(~19;;~~~;~1-
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

-·-----~------- ···--·----; -----
0.125 
0.375 
0.625 
0.875 
1.125 
1:375 
1. 625 
1.875 
2.125 
2.375 
2.625 
2.875 
3.125 
.1.375 
3.625 
3.875 
4.125 
4.375 
4.625 
!, • 875 

85 
2Tl 
351 
492 
334 

331 
180 

60 
26 
14 

4 
3 

28.6 
82.1 
94.5 

122.8 
78.4 

73.9 
38.6 
12.4 

5.2 
2.8 
0.8 
0.6 

114.4 

;~~:6 I 
491.2 
313.6 

295.6 
154.4 

49.6 
20.8 
11.2 
3.2 
2.4 

1900 
1500 
1200 

999 
BOO 
600 
500 
340" 
200 
11+0 . 

73.9 
38.6 
12.4 
5.2 
2.8 
0.8 
0.6 

7600 
6000 
4800 
3996 
3200 
2400 
2000 
1360 

BOO 
560 

295.6 
154.4 

49.6 
20.8 
11.2 

3.2 
2.4 

-~~~~~~~~~m: 1755 G!H Sample dut·ation: 120 sec] 
~ ( ~CT )."_~1960__;___11_(!101~- 40 :._ll!._~(~I~DL~ 5o!l.~; ~(11~~ ~--~· 8 

- ----------:------------ ·-------------l---------
1 0.125 - 1 1200 4800 
2 o. 375 _ I a so 3400 
3 0. 625 650 2600 
4 0,875 500 2000 
5 1.125 370 1480 
6 1. 375 81 27'.2 108.8 270 1080 
7 1.625. 229 67.9 271.6 200 300 
8 J .B75 273 73.5 294.0 150 600 
9 2.125 35'~ 88.3 353.2 95 380 

10 2.375 158 37.1 1'18.4 37.1 148.4 
11 2.625 107 23.9 95.6 23.9 95.6 
12 :1 .• 875 49 10.5 42.0 10.5 42.0 
13 3.125 19 3.9 15.6 3.9 15.6 
14 3.375 6 1.2 4.8 1.2 4.8 

15 3.625 =331 0.6 2.4 0.6 ::;4 
16 J.RJJ 0.6 2.4 0.6 2.4 
17 4.125 
I B •<. 3J5 

19 '•·"''' I= I 
20 .tD5 --~-----~-

78 



--- -- ·----:iilr 1 
2 
3 0.625 -
4 0.875 -
5 1.125 -
6 1. 375 123 
7 1.625 230 
8 1.875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

.--·· ..... 
T8 July 74 
!Begin time: 
jZ(ACT)= 69190; 

1 0.125 
2 0.375 
3 0.625 
4 0.875 
5 1.125 
6 1.375 
7 1.625 
8 1.875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
l3 3.125 
14 3.375 
15 3.625 
16 3.375 
17 4.125 
18 4.375 
" I 4.Gzs 
20 1,,875 

- .. j_ -- - .• 

I 0.125 
2 0. 375 
3 0.625 
4 0.875 
5 1.125 
6 1. 375 
7 1. 6~5 
8 1. 8/5 
9 2.125 

10 2. 375 
ll z.r,2s 
12 2.873 
13 3.125 
14 ).375 

" ].625 
15 3.875 
I 7 ,, • 125 
i q ·'i. 175 
l) ,, • 625 
::o 4.315 

263 
288 
175 
155 

94 
51 
45 
22 
11 

2 
-
-
-
---

1759 
R(ACT)= 

--
-
-
-

138 
313 
305 
340 
217 

149 
93 
37 
13 
12 
11 

1 
--
-

I 
--
-
-
- I 

186 
412 
376 
366 
142 
103 

27 
11 

2 

- I 
I 
! 

. -
-
--
-

41.3 
68.2 
70.8 
71.9 
41.1 
34.6 
20.1 
10.6 
9.1 
4.3 
2.1 
0.4 
-
-
-

GfiT; 
55.6; 

-
-
-
-
-

46.3 
92.8 
82.1 
84.8 
50.9 
33.2 
19.9 

7.7 
2.6 
2.4 
2.1 
0.2 
--
-

62.5 
122.2 
101.2 
91.3 
33.3 
23.0 
5.8 
2.3 
0.4 

--
- 99 9 3996 
- 85 0 3400 
- 65 0 2600 
- 50 0 2000 
- 37 0 1480 

165.2 27 0 1080 
272.8 20 0 800 
283.2 15 0 600 
287.6 9 5 380 
164.4 4 1.1 164.4 
138,1, 3 4.6 138.4 

80.4 2 0.1 80.4 
42.4 1 0.6 42.4 
36.1! 9.1 36.4 
17.2 4.3 17.2 
8.4 2.1 8.4 
1.6 0.4 1.6 

- -- -- --

Sample duration: 120 sec I 
Z(I·IOD)= 77G80; R(/-100)= 79.6_ 

850 
650 
500 
370 r 
999 

185.2 270 
371.2 -200 
328.4 150 
339.2 95 
203.6 50.9 
132.8 33.2 

79.6 19.9 
30.8 ' 7. 7 
10.4 2.6 
9.6 2.4 
8.4 2.1 
0.8 0.2 
--
-

3996 
34(}1) 
2600 
2000 
148'0 
1080 
800 
600 
380 
203.6 

132.8 
79.6 
30.8 
10.4 
9~-6 
8.4 
0.8 

.. --- ----· ----- -·-- ------
1900 7600 
1500 6000 
1300 5200 
950 JSOO 
600 21!00 

250 400 .1600 
488.B 2\U 1000 
1,04.8 125 son 
365.2 91.3 365.2 
l33.:! 33.3 133.2 
92.0 23.0 92.0 
23.2 5.8 23.2 
9.2 2.3 9.2 
1.6 0.4 1.6 

I 
I 
I 

1 0.125 
2 0.375 
3 n. 625 
4 O.ll75 
5 1.125 
6 1. 375 121 
7 1. 625 
8 1.875 
9 2.125 

10 2. '375 
11 2.G25 
12 2.875 
13 3.125 
!/.; 3.375 
15 3. 625 
16 3.875 
17 4.125 
18 /f, 375 
19 t..625 
20 4.875. 

199 
173 
220 

86 
54 
13 

3 
3 
2 

40.7 
59.0 
4'6.6 
54.9 
20.2 
12.0 

2.8 
0.6 
0.6 
0.4 

162.8 
236.0 
186.4 
219.6 
80.8 
48.0 
11.2 

2.4 
2.4 
1.6 

1900 
1500 
1300 

950 
600 
400 
250 
125 

54.9 
20.2' 
12.0 

2.8 
0.6 
0.6 
0.4 

7600 
6000 
5200 
3800 
2t,oo 
1600 
1000 

500 
219.6 
so.8 
48.0 
11.2 
2.4 
2.4 
1.6 

~~(1~~~;%;~~0-;·:;~5:;.
0

~~~1~i:i~~iij~~~;l~1~~-~;~] 
1 0.125 
2 0.375 

1900 7600 
1500 6000 

3 0.625 1300 5200 
4 0.875 950 3800 
5 1.125 600 2400 
6 1:375 151 

I 
7 1.625 244 
8 1.875 269 
9 2.125 302 

so. 7 202.8 400 1600 
72.4 289.6 250 1000 
72.4 -.289.6 125 500 
75.3 301.2 75_.3 301.2 

I 10 2.375 136 

II 
11 2.625 . 90 
12 2. 875 41 
13 3.125 13 
14 3.375 14 

31.9 127.6 31.9 127.6 
20.1 80.4 20.1 80.4 
8.8 35.2 8.8 35.2 
2. 7 10.8 2.7 10.8 
0.8 3.2 0.8 3.2 

15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

---·- --- -----

..... ------------ --------------- ---
1 0.125 1900 7600 
2 0. 375 1500 6000 
3 0.625 1300 5200 
4 0.8/5 950 3800 
5 1.125 600 2400 

112 37.6 J 50.1, 400 1600 
322 95.5 382.0 iso 1000 

6 1.375 
7 1. (J25 
8 1.875 270 72.7 290.8 125 500 
9 2.125 291 72.6 2!}0.1, 72.6 290.4 

10 2. 375 116 27.2 110.4 27.2 110.4 
11 2. ():!5 82 18.3 73.2 18.3 73.2 

21 4.5 18.0 4.5 18.0 
9 1.9 7.6 1.9 7.6 
1 0.2 0.8 0.2 0.8 

12 2. 8/5 
13 3.125 
14 3.375 
15 3.625 
16 3.tl75 
17 1:.125 
18 4.:.175 
l9 ''· 625 
20 ". ll7~1 .I_ 

79 



ra July"7r-------·---···-······-·-. ~ ---·-···--·-······ 

IBcrJin tirr.c: 1809 G/1T; Sample duration: 120 sec[ 
Z(iiCT)" .!_~~ll_;__flj~:..2..i..1Q~~39D_l_~_[IE02= 2!.:J._ 

- ·---··-- -·----
1 0.125 900 3600 
2 0. 375 650 2600 
3 0.625 500 2000 
4 0.875 350 1400 
5 1.125 230 920 
6 1. 375 96 32.3 129;2 160 640 
7 1. 625 203 60.2 240.8 100 400 
8 1.875 216 58.2 232.8 58.2 232.8 
9 2.125 166 41.4 1'65.6 41.4 165.6 

10 2.375 63' 1ft. 8 59.2 14.8 59.2 
11 2.625 26 5.8 23.2 5.8 23.2 
12 2.875 11 2.4 9.6 2.4 9.6 
13 3.125 3 0.6 2.4 0.6 2.4 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

~J;~y~~~e: "~~1
6

8~l~l~G~M~T~;~"'Sa'=mple duration: 120 sec] 
T)= 15510· R(ACT)-19 2 · Z(IIOD)-17660 · R(I'OD)- 28 6 ' - ' - ' ' - I 

1 0.125 - -
2 1},375 - -
3 0.625 - -
4 0.875 - -
5 1.125 - -
6 1. 375 104 34.9 
7 1.625 219 64.9 
8 1.875 192 51.7 
9 2.125 171 42.7 

10 2.375 57 . 13.4 
11 2.625 44 9.8 
12 2.875 16 3.4 
13 3.125 2 0.4 
14 ).375 - -
15 ).625 - -
16 3.375 - -
17 4.125 - -
18 

... UJH. 
- -

19 - -
20 - -

-· ·-

- 900 
- 650 
- 500 
- 350 
- 230 

139.6 160 
259.6 100 
206.8 51.7 
170.8 42.7 

53.6 13.4 

39.2 9.8 
13.6 3.4 
1.6 . 0.4 
- -
- -
- -- -
- -
- -
- -

3600 
2600 
2000 
1400 

920 
640 
400 
206.8 
170.8 

53.6 
39. 
13. 
1. 

--
-
-
-. -
-

2 
6 
6 

... ------· - -·· - -
Is July 74 I 
lnl'..ri:t time: 1813 GHT Sal!iple duration: 120 sec 
)Z(i\CT)= 8790 ; R(ACT)• 12.4; Z{liOD)• 9590; R(l100)= 16.4 

.. - ----· ···----------·--------- ------- ----·····---- -------·-.. ---------------··-

I 
l 0.125 500 2000 

' 0.375 350 1400 
3 0.625 250 1000 
4 0.875 180 720 
5 1.125 - I 120 480 
6 1.375 70 2"3.5 94.0 80 320 
7 1. 625 189 56.0 224.0 60 240 
8 1.875 143 38.5 154.0 38.5 154.0 
9 2.125 118 29.4 117.6 29.4 117.6 

10 2. 375 35 8.2 )2,8 8.2 32.8 
11 2.025 17 3.8 15.2 3.8 15.2 
12 2. 875 4 0.9 3.6 0.9 3.6 
13 ).125 
14 ~- "175 
15 J.tizs 
16 3.875 
l7 <'..125 

"' t,, J} 5 
19 ,, • fi25 

20 t,,!llS 

I 

fHJlll.l" I J;l) 

1 0.125 300 1200 
2 0. 375 250 1000 
3 0.625 180 720 
4 0.875 !20 480 
5 1.125 80 320 
6 1. 375 60 20.2 80.8 60 240 
7 1. 625 151 41,,8 179.2 40 160 
8 1.875 111 29.9 119.6 29.9 119.6 
9 2.125 56 14.0 56.0 14.0 56.0 

10 2. 375 16 3.8 15.2 3.8 15.2 
11 2.625 5 1.1 4.4 1.1 4 ,1, 

12 2.875 
13 3.125 
lit 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

1 

ltv~K~~~~::~·.--R~~~~~~~~-~-~irig~I"~~llji~;i£1!o~l~o·d1] 
... ~ -g:;j~-=-n---····--=-··--- ---~~~--- ""i i~~g 

3 0.625 - - - 230 920 
4 0.875 - - - 180 720 
5 1.125 - - - 130 520 
6 1:375 82 27.6 110.4 90 360 
7 1.625 186 55.2 220.8 55 220 
8 1.875 122 32.8 _131.2 3S:o 140 
9 2.125 65 16.2 64.8 16.2 64.8 

10 2.375 16 3.8 15.2 3~8 1?~2 
11 2.625 5 1.1 4.4 1.1 4.4 
12 2.875 
13 3.125 
H 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 ______ _!_ 

---------

l

·a-.JuiYi4 _____ _ ----------~ 
Begin time: 1819 mtT 
~!A.~T)= 9510.; R(A~T)= 13.1 ; 

1 0.125 
2 0.375 
3 0.625 
4 0.875 
5 1.125 
6 l. 375 91 30.6 

7 1.625 208 61.7 

8 1.875 142 38.2 

9 2. 125 114 28.4 

10 2.375 38 8.9 
11 2.625 19 4.2 

12 2.375 .6 1.3 

13 3.125 1 0.2 

14 3.375 
15 3.625 
16 3.875 
17 ll.125 
18 4.375 
19 4.625 
20 4.875 

Sample duration: 120 sec 
Z(l·lOD)• 11220; R(l100)= 20.1 
-- -· -- - ---·--------- -·-·-·· -----·---r--------

650 2600 
500 2000 
350 1400 
250 1000 
170 680 

122.4 120 480 
21,6.8 80 320 
152.8 45 180 
113.6 28.4 113.6 

35.6 8.9 35.6 
16.8 4.2 16.8 
5.2 1.3 5.2 
0.8 0.2 0.8 

_I .-.---,.~,,.. •• , 

80 



1
8 "JulY-74------·---
Ilcgin tirr.c: 1821 Gf~T; 
iz(ACT)~ 19940· 'Jl(ACT)= 23;] • ' ' 

1 0.12 5 - -
2 0.37 5 - -
3 0.62 5 - -
4 0.87 5 - -
5 1.12 5 - -
6 1.37 5 107 36.0 
7 1.62 5 271 80.4 
a 1.87 5 209 56.3 
9 2.12 5 194 48.4 

10 2.17 5 75 17.6 
11 2.62 5 53 11.8 

12 2.87 ' 18 • 3.9 
13 3.12 5 6 1.2 
14 3.37 5 1 0.2 

5 - -
5 1 0.2 

15 3.62 
16 3.87 
17 4.12 5 - -
18 4.37 5 - -
19 4. 62 5 - -
20 4.87 5 - -

-'-"""-"'""-'-'""--

~::nplc du;:t1on: -120 -·:c~~ 
Z(MOO)= 24680 · R(t100)= 40.9 ' .. -- 1500 

- 1200 
- 800 
- 600 
- 400 

144· 250 
321.6 130 
225.2 85 
193.6 48.4 

70.4 17.6 
47.2 u.s 
15,6 3.9 
4.8 1.2 
0.8 0.2 
- -
0,8 0,2 
- -
- -
- -- -

·-· ·-

.--
6000 
4800 
3200 
2400 
1600 
1000 

520 
340 
193 

70 
47 
15 

4 
0 
-
0 
-
-
--

- -

.6 

.4 

.2 

.6 

.a 

.8 

.a 

TS~July-74= 

!Begin time: 
~CT) = 21970; 

1823 G~IT; Sample duration: 120 secl 
R(ACT)= 25.8; Z(t·IOO)= 26150; R(:-IOD)= 42.4 

-

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

0.1 
0.3 
0.6 
0.8 
1.1 
1.3 
1.6 
1.8 
2.1 
2.3 
2.6 
2.8 
3.1 
3.3 
3.6 
3.3 
4.1 

l::~ 
. 20 .. ~ :.~ 

25 
75 
25 
75 
25 
75 
25 
75 
25 
75 
25 
75 
25 
75 
25 
75 
25 
75 
25 
75 
--- ,_ 

-- - - 1500 6000 
- - - 1200 4800 
- - - 800 3200 
- - - 600 2400 
- - - 400 1600 

125 42.0 168 250 1000 
316 93.7 374.8 130 520 
233 62.7 250,8 85 340 
217 54.1 216.4 54.1. 216.4 
87. 20.4 81.6 20.4 81.6 

58 12.9 51.6 12.9 51.6 
19 4.1 16.4 4.1 16.4 
5 1.0 4.0 1.0 4.0 

- - - - -
1 0.2 0.8 0.2 0.8 
1 0.2 0.8 0.2 0.8 

- - - - -- - - - -- - - - -- - - - -_____ , _____________ -----------

ilcgin time: 1825 GHT · SUI'lple duration: 120 sec 
8 Juiy''74- ------------ I 
Z(A·:T)~~5~7_<l_;, ~\~~!):-____2~~ ;_ ~(1~)= 3l_9g_~; R(NDD!:_~2:2 

·- ----------·----
1 0.125 1500 6000 
2 0.375 1200 4800 
3 0.625 900 3600 
4 0.875 650 2600 
5 1.125 450 1800 
6 1. 375 154 51.7 206.8 300 1200 
7 1.625 286 84.8 339.2 200 800 
8 1.875 257 69.2 276.8 110 4£,0 
9 2.125 279 69.6 278.4 69.6 278.4 

10 2. 375 107 25.1 100.4 25.1 100.4 
11 2.625 56 12.5 50.0 12.5 50.0 
l2 2. 875 22 4.7 18.8 4.7 18.8 
13 3.125 5 1.0 4.0 1.0 4.0 
14 3.375 3 0.6 2.4 0.6 2.4 
15 3.625 
16 3.875 1 0.2 0.8 0.2 0.8 

'w 
4.125 

.:: r 4. "375 
19 4. (•25 
20 ~. 875 I 

_,_) 

(continued) 

1 O.t25 
2 0.375 
3 0.625 
4 0.875 
5 1.125 
6 . 1.375 
7 1. 625 
8 1.875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3. 625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 ,,,875 

116 
297 
259 
266 
114 

78 
34 
15 

6 
4 
1 

39.0 
88.1 
69.7 
66.4 
26.8 
17.4 

7.3 
3.1 
1.2. 
0.8 
0.2 

156 
352.4 
278.8 
265.6 
107.2 
69.6 
29.2 
12.4 

4.8 
3.2 
0.8 

1500 
1200 

900 
650 
450 
300 
200 
110 
. 66.4 

26.8 .. 
17.4 
7.3 
3.1 
1.2 
0.8 
0.2 

6000 
4800 
3600 
2600 
1800 
1200 

800 
440 
265.6 
107.2 

69.6 
29.2 
12.4 

4.8 
"3.2 
0.8 

l~<]~~~~i~~~~~~1~b~-,~-~~~g;~1,~:·~it~~!~rl 
1 0.125 
2 0.375 
3 0. 625 
4 0.875 
5 1.125 
6 L375 97 32.6 
7 1.625 232 68.8 
8 1.875 
9 . 2.125 

10 2.375 

11 2. 625 
12 2.875 
13 3.125 
14 3.375 
15 3. 625 
16 3.875 
17 4.125 
18 4.375 

186 
160 

54 

31 
17 

3 

2 
1 

19 4.625 j -
20 4.875 -

50.1 
39.9 
12.7 

6.9 
3.6 
0.6 

0.4 
0.2 

130.4 
275.2 
200.4 
159.6 

50.8 

27.6 
14.4 

2.4 

1.6 
0.8 

800 
600 
450 
300 
200 
150 

90 
60" 
39.9 
1i."7 

6.9 
3.6 
0.6 

0.4 
0.2 

3200 
2400 
1800 
1200 

800 
600 
360 
240 
159.6 

50.8 

27.6 
14.4 

2.4 

1.6 
0.8 

---- --'-- -=--=--=-=::::::::':====-'=====-=:::::;-
-~8-JU1y 74' 
Begin time: 1831 GMT Sarr:p1e durat101:: 120 sec 
~\~~!).:_2~-~-~ACT!~ 10. 7;_Z\~~l__: :_:~~-o_!_~fiOD!_:-_2::~ 

1 0.125 
2 0.375 
3 0.625 
I, 0.875 

I : 
400 1600 
300 1200 
230 920 
150 600 

5 1.125 120 '•SO 
6 1. 375 100 33.6 134.4 80 320 
7 1.625 191 56.6 226.1, 50 200 
8 1.375 130 35.0 140 35.0 140 
9 2.125 86 21.5 86 21.5 86 

10 2.375 30 7.0 28 7.0 28 
11 2.625 10 2.2 8.8 2.2 8.8 
12 2.875 3 0,6 2.4 0.6 2.4 
13 3.125 " 
14 3. 375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 ,,,625 
20 4.l::l75 

81 



Table B-1. Drop Distribution Obtained on B<:Jard NOAA Ship "Researcher" (continued) 
;_;;·; ;-., i ' . . "i j" • I 

ACTUAl, HOIHFIED 
flL·op tH.Ipo!.nt __ _ 
slzt! tllilmctcr 

~:_<o_r._o_ry -~~~~)====================~============~ 
[t~~ii~1{~tr;-~;,-A--· s:m_p_l_e -du-r-.t-fo_n_: ___ I2_0_s:l· 

Z(ACT)~ 1_~60 • R(ACT)• I 3 • Z(I10D)- 1240 • R(IIOD)· 2 I • • .. • .. 

1 0.12 5 .. 
2 0.37 5 .. 
3 0.62 5 .. 
4 0.87 5 .. 
5 1.12 5 .. 
6 1. 37 5 19 
7 1. 62 5 18 
8 1.87 5 12 
9 2.12 5 7 l 

J 0 2. 37 5 3 
11 2. 62 5 2 
12 2.87 l 2 
!3 3.12 5 1 
14 3.37 5 .. 
15 3.62 5 -
16 3.87 5 .. 
17 4.12 5 .. 
18 4.37 5 -
19 4.62 5 -
20 r,.87 5 -

~~~~ 

28 July 74 
Begin time: N/A 
Z(ACT)~ 7480; R(ACT)= 

1 0.125 
2 0.375 
3 0.625 
4 0.875 
5 1.125 
6 1.375 21 
7 1.625 33 
8 1.875 25 
9 2.125 25 

10 2.375 11. 
11 2.625 8 
12 2.875 11 
13 3.125 . 5 
14 3.375 4 
15 3.625 3 
1G 3.875 
17 '+.125 
13 4.375 
19 4.625 
20 4.875 

-- -- .. --· 
8 July 74 

.. 
.. 
.. 
.. 
.. 

6.8 
5.3 
3.2 
1.8 

.7 
0.4 
,O.'+ 
0.2 

.. 
-.. 
-
-.. 
-

-

5,0 j 

7.1 
9.8 
6.7 
6.2 
2.6 
1.8 
2.4 
1.0 
0.8 
0.6 

~ - ----- -
ll~r~in time: N/A 
Z(i\C~(~- _4_1§9!_R(ACT)•4. 4 

.. 130 520 

.. 100 400 

.. 70 280 

.. 40 160 
-. 25 100 

·27·.2 12 .. 
21.2 6.2 2'+.8 

12."8 3.2 12.8 
7.2 1.8 7.2 
i.8 .7 2.8 
1.6 0.4 1.6 
1.6 0.4 1.6 
0.8 0.2 0.8 
- - .. 
- - .. 
- .. .. 
- .. .. 
- .. .. 
.. .. .. 
- - .. 

--- -- -- -·----

Sample duration: \20 secl 
Z(fiOD)= 8680; R(I·IDO)=l1.2 

400 1600 
330 1320 
260 1040 
180 720 
130 520 

28.4 70 280 
39.2 40 160 

. 26.8 15 60 
24.8 6.2 24.8 

-10.4 2.6 10.4 

7.2 1.8 7.2 
~.6 2.4 9.6 
4.0 ~ LO 4.0 
3.2 0.8 3.2 
2.4 0.6 2.4 

Sample uuratlon: 120 soc I 
Z(IIOD)= 8920; R(lllliJ)• 21.6 

. ----------------·---·--·· --------·-··---
t 0.125 750 3000 
2 0.375 580 2320 
3 0.625 500 2000 
4 0.875 480 1920 
5 }..125 270 1080 
G 1.375 27 9.1 '36.4 180 720 
7 1. G25 52 15.4" . 61.6 100 400 
8 1. 875 50 13.5 5'+.0 50 200 
9 2.125 37 9,2 36.8 9.2 36.8 

10 2.375 9 2.1 8.4 2.1 8.4 
11 2.625 4 0.9 3.6 0.9 3.6 
12 2.875 3 0.6 2.4 0.6 2.4 
13 3.125 4 0.8 3.2 0.6 3.2 
14 3. 375 1 0.2 0.8 0.2 o·.s 
15 3.625 
IG 3.875 
17 4.125 
Ja 4.375 
19 ,, . 625 
20 '+.875 

'·· ' 
. . --·:.-:; 

noDJFJJm 
Drop 
uize 

category 

HldiiOint __ 
diilmctcr - ~~~~~b~;- ~--~,;~il;~~ number 1111dH:r 

(mm) no. m-J(AD)-_1 m- 3nun-l m-J(f!IJ)-1 rn-3rrun-l 

1 

.. --·--------··----------·-- ...... -- ........... j 
28 July 74 
Begin time: N/A Sample duration: 120 sc:c 
Z(ACT)= 890 ; R(ACT)~ 1.2 ; Z(I10D)• 1330 ; R(I10D)" 3.1 
-------·--····-----·-------· --·------ ·---------· ... -

1 0.125 
2 0.375 
3 0.625 
4 0.875 
s 1.1.25 
6 1. 375 
7 1. 625 
8 1.875 
9 . 2.12J 

10 2.)75 
11 2.625 
12 2.875 
13 3.125 
Jq 3.375 
15 3. 625 
16 3.875 
17 4.125 
18 4.375 
19 '+.625 
20 4.875 

24 
16 
11 
11 

2 
2 
1 

8.1 
4.7 
3.0 
2. 7 
0.5 
0.4 
0.2 

32.4 
18.8 
12.0 
10.8 
2.0 
1.6 
0.8 

200 
160 
120 
80 
50 
22 
11 
5.8 

~:~··· 
0.4 
0.2 

800 
640 
480 
320 
200 
88 

" 23.2 
10.8 
·2.0 
1.6 
0.8 

l~r;t~:!;!i~~i~~:~:::::-';-~1:~:g6):~~~r:~i(~IO~~._!~~~ ·. 
. ----···· .. 

1 0.125 750 3000 
2 0.375 580 2320 
3 0.625 500 2000 
4 0.875 480 1920 
5 1.125 270 1080 
s 1~375 64 21.5 86.0 180 720 
7 1.625 82 24.3 
8 1.875 54 14.5 

97.2 100 400 
. 58.0 50 200 

9 2.125 30 7. 5 
10 2.375 7 1.6 

30.0 7.5 30.0 
6.4 1:6 6.4 

ll 2.625 5 1.1 4.4 1.1 4.4 
12 2.875 7 1.5 6.0 1.5 6.0 
i3 3.125 6 1.2 4.8 1.2 4.8 
14 3.375 2 0.4 1.6 0.4 1.6 
15 3.625 
16 3. 875 
17 4.125 
18 4.373 
19 4.625 
20 4.87J ----·-

1 0.125 1300 5200 
2 0.375 999 3996 
3 0.62J 870 )1.80 
4 0.875 70G 2800 
5 1.125 400 1600 
6 1.375 80 26.9 107.6 230 920 
7 1.625 99 29.4 117 .6" 120 480 
8 1. 875 65 17.5 70.0 55 220 
9 2.125 50 12.5 50.0 12.5 50 

10 2.375 18 4.2 16.8 4.2 16.8 
11 2.625 9 2.0 8.0 2.0 8.0 
12 2.875 6 1.3 5.2 1.3 5.2 
13 3.125 2 .0.4 .1.6 0."4 1. 6 
14 3.375 2 0.4 1.6 0.4 1.6 
15 3.625 -
16 3.875 
17 4.1~5 

18 4. 375 
19 ~.625 
20 4.875 

. .:.;.''""-'-'-'""'"·'-

82 



Table B-1. Drop Distribution Obtained on Board NOAA Ship "Researcher" (continued) 

··--·-· 
1 0.125 850 3400 
2 0.375 600 2400 
3 0. 625 4'20 1680 
4 0.875 230 920 
5 1.125 " 100 400 
6 1.375 94 31:6 126.4 27 108 
7 1.6?5 50 14.8 59.2 14.8 59.2 
8 1.875 14 3.8 15.2 3.8 15.2 
9 2.125 1 0.2 0.8 0.2 0.8 

10 2.3"/5 1 0.2 0.8 0.2 o.a 
11 2.625 
12 2. 87:J ' 
13 3.125 
14 3.375 
15 1-625 
16 3.875 
17 4.125 
18 4. 375 
19 4.625 
20 4.R75 

B2:;f~~;~~}: .. ----~--~;A~~=~ s~m~le--~~ration::--~~0 ::·1 
Z (ACT)= 31 0 ~==; ·:::R~(A:::CT~_)===O :::· 8=;=Z~(=I·IO=O=) =::::;75=0=;=R=(~=!O~O=) ==3=·=8 

1 o.us 850 3400 
2 0.375 600 2400 
3 0.625 420 1680 
4 0.875 230 920 
5 1.125 100 400 
6 1. 375 34 11.4 45.6 27 108 
7 1.625 24 7.1 28.4 7.1 28.4 
8 1.875 7 1.9 7.6 1.9 7.6 
9 2.125 1 0.2 0.8 0.2 0.8 

10 2.375 
11 2.625 
12 2.875 
13 3,125 
14 3.375 
15 3.625 
16 3.87.5 
17 /1,125 
18 4.375 
19 4.62.5 
20 ,,,875 

-···-··-······ 

I 
.. ···--·-----· --· 

28 July 74 · 
Rt::!nin time: N/A . S.:lmple duration: 120 sec 
Z(ACT)= 620; R(ACT)= 1.4; Z(IIOD)= 980 ; R(tiOil)- 4.2 
. . . - -·- -······-····-----.-·-··-···---··--------___\ ·-·----· ---·· ---, ------ ,----· -·-

L 0.125 - I 850 · 3lo00 
2 0.375 - 600 2410 
3 0.625 - 420 ·1680 
4 0.875 - 230 920 
5 1.125 100 ,,oo 
6 1. 375 73 24.5 98.0 27 108 
7 1. 625 31 9.2 36.8 9.2 36.8 
8 1. a75 12 3.2 12.8 3.2 12.8 
9 2.125 7 1.8 7.2 1.8 7.2 

10 2 0 375 
11 2.625 
12 2.875 
13 3.125 
14 3. 375 
15 3.625 
16 3.875 
17 4.125 
18 1,, 375 
19 ,, . fi25 
20 ''· 875 

::.·- '···~-

11 ... 

E 
AGTIJ.\1, I!Oll!Fl!'IJ 

llr\lp . dpolnt; ____ ···-. __ .... ____ . . 

:;!;~•~ ;'111\C"t<lr l n~1mLnr IIUJmhllf numhr:r.1ruJr;.Jwr 
•·nt eJ~OI'i' (nun) no. m-~(t:.U)-1 m- 3mm-1 Hl·· 1(t,ll)-1 m··JI:>n··l 
---------- ----- ----·· --------·----- --------· 

83 

1 0.125 
2 0. 375 
3 0. 625 
4 0.875 
5 1.125 
6 1.375 
7 .1. 625 
8 1.875 
9 . 2.125 

10 2.Jn 
11 2.625 
12 2.875 
13 3.125 
14 3. 375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

163 
185 

90 
81 

8 
4 
4 
6 
1 

54.8 
54.9 
2t,,i 
20.2 
1.9 
0.9 
0.9 
1.2 
0.2 

219.2 
219.6 
96.8 
80.8 
- 7,6 

3.6 
3.6 
4 •. 8 
0.8 

1300 
999 
870 

. 700 
400 
230 
120 
55 
20.2 
1.9 
0.9 
0.9 
1.2 
0.2 

5200 
3996 
3480 
2800 
1600 

920 
480 
220 
80.8 

7. 6 
3.6 
3.6 
4.8 
0.8 

1
·2a'J0ui),'74'""'~"'-=·==--'·c·:··· -'-'··'---~'-··' .. : ··- : ... 1-

llegin time: N/A · Samr>le duration: 120 sec 
~(ACT)=~:~ ; R(ACT)= 5.4; Z(I·IOO)= 884~-'-_lt!~IOE!~ _2~~ . 

.. ----
1 0.125 999 3996 
2 0.375 870 3480 
3 0.625 700 2800 
4 0,875 540 2160 
5 1.125 390 1560 
6 1:375 150 50.4 201.6 220 880 
7 1. 625 131 38.8 155.2 120 480 

"8 1.875 52 14.0 56.0 45 180 
9 2.125 22 5.5 22.0 5.~ 22.0 

10 2.375 1 0.2 0.8 0.2 0.8 
11 2.625 
12 2.875 3 0.6 2.4 0.6 2.4 
13 3.125 5 1.0 4.0 1.0 4.0 
1lo J.375 1 0.2 0.8 0.2 0.8 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 ,,,625 
20 4.873 

·----·---·-· ..... ·--- -- ----·----· 
r28-July -74·- . 
[Jegin time: N/A ·· Sample duration: 120 sec 
~! A~!)~8~~ __ _;....f!!~CT) = -~:1!..._!_3 !.!;~~) = E1~;_!!S!!~!:_7_:3_ 

. -·-·· ------- ----------- ------··----------
1 0.125 650 2600 
2 o. 375 520 2080 
3 0.625 400 1600 
4 0.875 260 1040 
5 1.125 180 720 
6 1.375 74 24.9 99.6 90 360 
7 1.625 74 21.9 . 87.6 21.9 87.6 
8 1.875 20 5.f, 21.6 5.4 21.6 
9 2.125 1 0.2 0.8 0.2 0.8 

10 2. 375 
11 2'.625 
12 2.875 
13 3.125 
14 3.)75 
15 3.625 
16 3.875 
17 4.1~5 

18 4.375 
19 4.625 
20 lto875 .. -··-'-""·':~· ... _ ... ~ ... ""-''"'"''""' ........ ' "."<"· • ..,..,,-,.,.- --



Table D-1. Drop Distribution Obtained on Board NOA..ll. Ship "Researcher" (continued} • 
I"" i --·- ............... -1 ·---·---- - . 

t ACl'UAI, HOIJIFII\1> 
flrop H!dpo1 -r,------- ___ ---------· 
fli?.c lllnmct -~ l __ !lumbcr number ilumbcr number 

:o1tq:ory (mm) m-3(60)-1 m-1rnm-l m-l(lln)-1 m-luun-1 -- --========-=='=== 
lro~~-;Jnu·~~e

4: N/A s:m-p-le--du-r:~o-n-:-~-0---,.-cl· 
~-~ R(ACT)• 0.2 Z(I·JDD)= 220 ; R(flOD)• 1.3 

1 0.125 300 1200 
2 0.375 220 880 
3 0.625 150 600 
4 0.875 90 360 
5 1.125 45 180 
6 1. 375 21 7.1 28.4 7.1 28.4 
7 1.625 1 0.3 1.2 0.3 1.2 
8 1.875 
9 2.125 -

10 2.375 
11 2.625 
12 2.875 -
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.-375 
19 4.625 
20 4.875 

~f~~ -- ..... -
July 74 

Sample duration: - 120 secl gin time: N/A 
ACT)= 100 ; R(ACT)= 0.3 ; Z(fJDD)= 220 ; R(llOD)= 1 .3 

1 0.125 - - - 300 1200 
2 0.375 - - - 220 880 
3 0.625 - - - 150 600 
4 0. 875 - - - 90 360 
5 1.125 - - - 45 180 
6 1.375 17 5.7 22.8 5.7 22.8 
7 1.625 7 2.1 8.4 2.1 8.4 
8 1.875 2 0.5 2.0 0.5 2.0 
9 2.125 - - - - -

10 2.375 - - ·- - -
11 2.625 - - - - -
12 2.875 - - - - -
13 3.125 - - - - -
14 3.375 - - - - -
15 3.625 - - - - -
16 3.875 - - - - -
I 7 4.125 - - - - -
18 4.375 - - - - -
19 4.625 - - - - -
20 4.875 - - - ------1------ ----'~--- ------··----

1

28 July 74 _ . I 
Begin time: N/A . Sample duration: 120 Sec 
Z(ACT)• 200 ; R(ACT)= 0.5; Z(l·lOO)= 510 ; R(~IOD)= 3.3 

... ·-- ---------------- - -·---- ------------
1 0.125 950 3800 
2 0. 375 750 3000 
3 0.625 500 2000 
4 0.875 240 960 
5 ~-125 100 . 400 
6 ].. J75 34 11.4 
7 1.625 8 2.4 
8 1.875 4 -1.1 

45.6 11.4 45.6 
9.6 2.4 9.6 
4.4 1.1 4.4 

9 2.125 
10 2.375 
11 2.625 
12 2.875 
13 3.125 
H 3. 375 
15 3.625 
16 3. 875 
17 4.125 
16 4.375 
19 ,,,625 
20 4. 875 

. ::-... ,.· ---~-·-· 

84 

ACTUAL 
Orop Mi~\point __ -------· ___ .

1

_ .. ___ . 
Hizc diameter numbur nun;hcr 

t=a.tcgory (mta) no, m-l(al>)-1 m-luun-1 
nu1nher ltlln;],t•r 

m-3(/Jil)"-1 ~~~-3uun-1 

1

21fJufY"74 ____________________________ -- -- -- ·- ·- - - J 
Ucgin time: N/A Sample duration: 120 sec 
~(ACT)= 560 ; ~(ACT]• 0.4; ~l!IOD~:-~40._.!_~~~~~)~.~:~ 

1 0.125 
2 0.375 
3 0. 625 
4 0.875 
5 1.125 
6 1. 375 
7 1. 625 
8 1. 875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

34 
2 
1 

11.4 
0.6 
0.3 

45.6 
2.4 
1.2 

950 
750 
500 
240 
100 
11.4 

0.6 
0.3 

3800 
3000 
2000 
960 
400 

45.6 
2.4 
1.2 

Begin fime: NJA Sample duration: 120 sec . 
1

'2a':fu]" -,-:;:='-==-===co_ __ "--"----------·'-'--- ··' --- ---~-

~(ACT)• 500 _;_~ACT)= 0.2 ;_ZQIOD~= 370 _;_~(~100~~_2~~-

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
i3 
14 
15 
16 
17 
18 
19 
20 

.--- --r- ----·· ------ ··- ---- -

0.125 950 
0.375 750 
0.625 500 
0.875 240 
1.125 100 
1:375 12 4.0 16.0 4.0 
1.625 1 0.3 1.2 0.3 
1.875 
2.125 
2.375 
2.625 
2.875 
3.125 
3.375 
3.625 
3.875 
4.125 
4.375 
4.625 
4.875 

3800 
3000 
2000 
960 
400 
16.0 

-~28 July 74 
Begin time: N/A 
~'~~n· 8~ _ _;__!l~~t 

Sample duration: 120 sec -~ 
Oc6; ~(110~)= 23_90 ; R!~l~)= 9.8 

1 0.125 950 3800 
2 0.375 750 _3000 
3 0.625 600 2400 
4 0.875 400 1600 
5 1.125 220 880 
6 1.375 22 7.4 29.6 110 440 
7 1-.625 4 1.2 4.8 43 172 
8 1.875 7 1.9 7.6 1.9 7.6 
9 2.125 1 0.2 0.8 0.2 0.8 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
H 3.375 
15 3.625 

. 16 3.875 
17 4.1~5 
18 4.375 
19 4.625 
20 . ·4 .875 

.•c-"."--'- _., .• 



Table B-1. Drop Distribution Obtained on Board NOAA Ship "Researcher" (continued) 

ACTUAL HODIFIED 

Drop llidpoint -----,--,---r--:-:-1---'-:--,--~----::--~-
size diameter· j number number number .I number 

category (mm) no.l m~3(~D)~I m-3mm-1 m-3(1>D)-ll m-3mnl-1 
--~----L----L-----L----

~s~Ju1y 74 . 
egin tirne: N/A Sample duration: 120 sec 
(ACT)• 150 ; R(ACT)• 0. 4 ; Z(NOD)= 1260 . R(t10D)= 6.9 • 
1 0.125 - - - 950 3800 
2 0.375 - - - 750 3000 
3 0.625 - - - 600 2400 
4 0.875 - - - 400 1600 
5 1.125 - - - 220 880 
6 1. 375 17 5.7 22.8 70 280 
7 1. 625 12 3.6 14.4 3.6 14.4 
8 1.875 1 0.3 1.2 0.3 1.2 
9 2.125 2 0.5 2.0 0.5 2.0 

10 2.375 - - - - ~ 

11 2.625 - - - - ~ 

12 2.875 ~ - - - -
13 3.125 - - - - -
14 3. 375 - ~ - - -
15 3.625 - - ~ - -
16 3.875 - - - - -
17 4.125 - ~ - - -
18 4.375 - - - - -
19 4.625 - - - - -
20 4 .n75 - - - - ~ 

--"'=""=""'"-'-'-'==-=·==.;,. .:-·- - -

85 



Table B-1. D.rop Distribution Obtained on Board NOAA Ship "Researcher" (continued) 
~~- --·· .. --.- -·~----·-·--·~---·····~··~'·-··"";- .. '~·-· . ··~--·---~- ·. . ' 

ACTUAl. l-lODIF [l-:0 
Drop Niclpolnt _ 
~dY-e dl:u:oetcr 

category (tru~) 

ITAuou,:~t-=7;:;4==-=-======-=~-===-===-, llcCJii-1 tir.~e: 2126 Gf4Ti Sample duration: 120 sec 
Z(ACT)= 260; R(ACT)= 0.6; Z(MOD)= 1790 ; R(lli!OJ= 8·.4 

1 
2 
) 

4 
5 
6 
7 
8 
9 

10 
u 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.125 
o. 375 
0.625 
0.875 
1.125 
1.375 
l.G2'l 
1.875 
2.125 
2.375 
2.625 
2.875 
3.125 
3.375 
3.625 
3.875 
4.125 
4.375 
4.625 
4.875 

0.125 
0.375 
0.625 
0.875 
1.125 
1.375 
1.625 
1.875 
2.125 
2.375 

15 
13 
12 
1 

7 
2 
2 

5.0 
3.8 
3.2 
0.2 

2.3 
0.6 
0.5 

20.0 
15.2 
12.8 
. 0.8 

9.-2 
2.4 
2.0 

1300 
999 
·aoo 
500 
200 

70 
17 
3.2 
0.2 

350 
250 
120 

50 
17 

2.3 
0.6 
0.5 

5200 
3996 
3200 
2000 

BOO 
280 

68 
. J2,8 

0.8 

1400 
1000 

480 
200 
68 

9.2 
2.4 
2.0 

11 2.625 - - - - -
12 2.875 - - - - -
13 3.125 - - - - -
I!! 3.375 - - - - -
15 3. 625 - - - - . -
16 3.375 - - - -· -
17 4.125 - - - - -
18 4.375 - - - - -
19 4.625 - - - - -
20 _j_4:B.75 ___ :__. ___ - ______ :. _____ ------~--

I .. ··········--· ---------·----~ 

·2 August 74 · 

l ~l'.'!lin time: 2130 GJ.lT Sa1:1ple dtwr~tion: 120 sec 
Z(I\CT)= 740 ; R(ACT)= 1.7; Z(IIOD)= 1780 ; R(l-lOD)= 8.4 ' .. -~---- ---------------------·-- _______ .. ____________ _ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
l2 
l3 
flo 
l5 
16 
]; 
1 ,. 

0.125 
0.375 
0.625 
0.875 
1.125 
1. 375 
1.625 
1.875 
2.125 
2. '375 
2.625 
2.8/5 
3.125 
], 375 
3.625 
). 875 
~ .125 
~-375 

4.1i2S 
4.875 

49 
58 
18 

3 
1 

16.5 
17.2 

4.8 
0.8 
0.2 

66.0 
68.8 
19.2 

3.2 
0.8 

1300 
999 
800 
500 
200 

70 
17.2 
4.8 
0.8 
0,.2 

5200 
3996 
3200 
2000 

BOO 
280 
68.8 
19.2 
3.2 
0.8 

AGTUAJ. NOUJFIJ:Jl 

1 ~-~~i~U~~~~-------;~~;~_;;~---·~::P·~~ ~~r~~io~: --·;2~ ... sec 
Z(ACT)o 1050; R(ACT)= 2.0; Z(r-IOD)= 1950; R(I·IOO)= 8.6 
------.,,-------· ;:.:.=:::=c· c:·:c:..ccc:.:.: :c. c:·:· .. 

1 0.125 - - - 1300 5200 
2 0.375 - - - 999 3996 
3 0.625 - - - 800 3200 
4- 0.875' - - - 500 2000 
5 1.125 - - - 200 800 
6 1.375 61 20.5 82.0 70 280 
7 1.625 59 17.5 70.0 17.5 70 
8 1.875 16 ·4.3 17.2 4.3 17.2 
9 2.125 8 2.0 8.0 2.0 8.0 

10 2.375 1 0.2 0.8 0.2 0.8 
11 2.625 1 0.2 0.8 0.2 0.8 
12 2.875 1 0.2 0.8 0.2 0.8 
13 3.125 - - - - -
14 3.375 - - - - -
15 3.625 - - - .. -
16 3.875 - - - - -
17 4.125 - - - - -

I JL ,iiH __ -=---- -~ - =. ~ . . = 
~~:!i~uif~~~---2~ 34 G~~~:~;~-~---~~~~ ~ ~ -~~~-- . ··-~-;; -:~c 

y~ 11:FI ':', ':""';~'"~YM"i:~' 
4 0.875 - - - 120 480 
5 1.125 - - - 55 220 
6 1;375 33 11.1 44.4 20 80 
7 1.625 17 5.0 20.0 5.0 20 
8 1.875 3 o.a 3.2 o:8 3.2 
9 2.125 - - - - -

10 2.375 - - - - -

i 11 2.625 - - - - -

I
. 12 2.875 - - - - -

13 3.125 - - - ·--- -
14 3.375 - - - - -
15 3. 625 - - - - -
16 3.875 - - - - -
17 '•-125 - - - - -
18 4.375 - - - - -
19 4.625 - - - - -
20 4. 875 - -. - _. -

i2-AU9ust 74 

l[lcgin time: 2136 GI1T Sample durntion: 120 sec 
Z(iiCT)= 290 ; R(ACT)= 0.8 ; Z(i{OD)= 500 ; R(I·IOD)= 2.2 

1c::·:=-.=:=::::.·:·--------··-=o.:::::=.------=== 

86 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0.125 
0. 375" 
0.625 
0.875 
1.125 
1.375 
1. 6:~5 
1.875 
2.125 
2. 375 
2.625 
2.875 
3.125 
3.375 
3.625 
3.875 
4.125 
4. 375 
4.625 
~.875 

29 
29 

6 

9.7 
8.6 
1.6 

38.8 

J4 ·'· 
6.4 

--'---~·""-~- --··-·-~---

450 
320 
200 
100 

40 
20 
8.6 
1.6 

-

1800 
1280 

800 
400 
160 

80 
34.4 
6.4 

1 ... --"·~·-- -~-,-~··· 



Table B-1. Drop Distribution Obtained on Board NOAA Ship "Researcber" (continued) 

Drop 11idpolnt 
size diameter 

category (mm) 

ACTUAL NOD HIED 

1

2 i\u<iust 74 ------------~ 
Bel]in time: 2138 GI4T; Sample duration: 120 sec 
Z(ACT)- 170 · R(ACT)- 0 4 • Z(MOO)- 360 · R(MOO)• 1 8 - . - • - • - ---

1 0.125 - -
2 0.375 - -
3 0.625 - -
t, 0.875 - -
5 1.125 - -
6 1.375 15 5.0 
7 1.625 15 4.4 
8 1.875 5 1.3 
9 2.125 - -

10 2.'375 - -
11 2.625 - -
12 2.875 - -
13 3.125 - -
14 3.375 - -
15 3.625 - -
16 3.875 - -
17 4.125 - -
18 4.375 - -
19 4.625 - -
20 4.875 - --- ····--

-
- 450 - 320 
- 200 
- 100 
- 40 

20:0 12.0 
17.6 4.4 
5.2 1.3 
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- ----

1800 
1280 

800 
400 
160 

48 
17 

5 
-
-
-
-
-
-
--
-
-
-
-

.o 

.6 

.2 

·~c=~~~~~-· 

~ 
AUIJUSt 74 
gin time: 

.Z(ACT)- 1030· - • 
2140 G!•1T; Sample duration: 120 secj 

R(ACT)- 2 1· Z(110D)- 2280 • R(~!OO)- 9 5 - . - . -

1 0.125 - - - 1200 4800 
2 0.375 - - .- 999 3996 
3 0.625 

= 
- - 700 2800 

4 0.875 - - 450 1800 
5 1.125 - - - 230 920 
6 1.375 61 20.5 82.0 100 400 
7 1.625 65' 19.3 77.2 19.3 77.2 

6 1.875 22 5.9 23.6 5.9 23.6 

9 2.125 5 1.2 4.8 1.2 - 4.8 
10 2.375 1. 0.2 0.8 0.2 0.8 

11 2.625 2 0.4 1.6 0.4 1.6 
12 2.875 - - - - -
13 3.125 - - - - -
14 3.375 - - - - -
15 3.625 - - - - -
16 3.375 - - - - -
17 I 4,125 - - - - -
18 4.375 - - - - -
19 I 4.625 - - - - -
20 L•-875 - - - - -
... . - --.--- ·------- -

... --···--·--·· -------------- -·-· 1
2 August 74 I 

lncgin time: 2142GI-IT Sm:-:p1e dur<1tion: 120 sec 
!Z(ACT): _! 861)_;_R.~~~!!:~~;_ ~(ii~Dl: __ 2~~Q__!_R_(_IIDO )= 11 __ ,<! 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
zo 

0.125 
0.375 
0.625 
0.875 
~-125 
1. 375 
1. 625 
1.875 
2.125 
2.H!> 
2.625 
2.875 
3.125 
3.375 
3.625 
3.875 
t,,u5 
'•. 375 
4.625 
4.875 

129 
141 
34 
11 

1 

1 

43.3 
41.8 
9.2 
2.7 
0.2 

0.2 

173.2 
167.2 
36.8 
10.8 
0.8 

0.8 

1200 
999 
700 
450 
230 
100 
41.8 
9.2 
2.7 
0.2 

0.2 

4800 
3996 
2800 
1800 

920 

1 .•• 

400 
167.2 

36.8 
10.8 
0.8 

0.8 

ACTUAL }lOlli!-' lEU 

l~~~¥i0U~!~----~14~~r~~---~~;~P·~-~ -~~:~~~~-~~· - ·-.,~~.sec I 
Z(ACT)=· 1000; R(ACT)= 2.2; Z(l100)= 2310; R(l100)= 9.6 J 
-·~:-=-==----=-~=:-==:;.::=:.::.::::c:: :c:::·::_ 

1 0.125 - - - 1200 4800 
2 0.375 - - - 999 3996 
3 0.625 - - - 700 2800 
4 0.875 - - - 450 1800 
5 1.125 - - - 230 920 
6 1. 375 71 23.8 95.2 100 400 
7 1.625 75 22.2 88.8 22.2 88.8 
8 1.875 17 4.6 18.4 4.6 18.4 
9 . 2.125 2 o.s 2.0 0.5 .2.0 

10 2.375 1 0.2 0.8 0.2 0.8 
11 2.625 3 0.7 2.8 0.7 2.8 
12 2. 875 - - - - -
13 3.125 - - - - -
14 3.375 - - - -. -
15 3. 625 - - - - -
16 3.875 - - - - .. 
17 4.125 - - - - -
18 4.375 - - - - -
19 4. 625 - - - ~ -
20· 4.875 - - - .. -

l~fir~~~~~~r:;;~~~~~~ir:4;s~;i~-,~~~~l~~7~-;cJ. 
-1 - ·ro-.125 r::- - -.. - - · 99~":::-i~~-;;--

87 

2 0.375 - - - 900 3600 
3 0.625 - - - 600 2400 
4 0.875 - - - 380 1520 
5 1.125 - - - 150 600 
6 1:375 67 22.5 90.0 60 240 
7 1.625 63 18.7 74.8 18:7 74.8 
8 1.875 32 8.6 34.4 8.6 34.4 
9 2.125 7 1.8 7.2 1.8 7.2 

10 2. 375 2 0.5 2.0 o.:S 2.0 

11 2.625 1 0.2 0".8 0.2 0.8 
12 2. 875 - - - - -
13 3.125 - - - - - -
14 3. 375 - - - - -
15 3.625 - - - - -
16 3.875 - - - - -
17 4.125 - - - - . -
18 4. 375 - - - - -
19 4. 625 - - - - -
20 4.875 - _, - - -

1 
2 
3 
t, 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
l7 
18 
19 
20 

0.125 
0. 375 
0.625 
0.875 
1.125 
1. 375 
1.625 
1.875 
2.125 

69 
54 
24 
4 

2. 375 
2.625 
2.875 
3.125. -
3.375 
3.625 
3.875 
4.125 

'•· 375 
/l. 625 
/l. 8"/5 

23.2 
16.0 
6.5 
1.0 

92.8 
64.0 
26.0 
4.0 

999 3996 
900 3600 
6oo 2t,oo 
380 1520 
150 600 

60 240 
16.0 64.0 
6.5 26.0 
1.0 4.0 



Table B-1. Drop Distribution Obtained on Board NOAA Ship "Researcher" (continued} 
-~--

-· 

Ocgin time: 2150 GMT; Sample duration: 120 sec 
f
2 August 74 · I 
Z(ACT)= 680; =R~(A=CT~)===l=·=' =Z¢(M=0=0)===1~4=60=·=;=R=(I=10~0)===6.=8 

1 0.125 
2 Q.375 
3 0.625 
4 0.875 
5 1.125 
6 1. 375 
7 1. 625 
8 1.875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

August 74 

61 
60 
14 

2 

--· ---

2152 

20.5 
17.8 
3.8 
0.5 

Gf\T; 

82.0 
71.2 
15.2 
2.0 

999 3996 
900 3600 
600 2400 
380 1520 
150 600 

60 240 
17.8 71.2 

3.8 15.2 
0.5 2.0 

-. 

... 

''' , . . ,, --·· .. 
I 

. .. 
AGTU•\1. iillili 

Dl:"op Ml,\point 

-~r------ r· -size diameter number number numhr!r 
catc~;ory (nnn) no. m-3(llD)-1 m-3mm-l m- 3(1inr· 

,- .... ----------------··---- -- ....... ---···· .... -
2 August 74 
Begin time: 2156 GIH; Sample duration: 
Z(ACTt= 360 ; R(ACT)= 0.9 ; Z(\100)= 660 ; R(f.l - ·----------- -------·· ··-----------· --------

1 0.125 - - - 550 
2 0.375 - - - 400 
3 0.625 - - - 230 
4 0.875 - - - 120 
5 1.125 - - - 60 
6 1.375 33 11.1 44.4 27.0 
7 1.625 28 8.3 33.2 8.3 
8 1.875 11 3.0 12.0 3.0 
9 . 2.125 - - - -

10 2.375 - - - -
11 2.625 - - - -
12 2.875 - - - -
13 3.125 - - - -
14 3.375 - - - -
15 3.625 - - - -
16 3.875 - - - -
17 4.125 - - - -
18 4.375 - - - -
19 4.625 - - - -
20 4.875 - - - -

120 sec 
00)= 2.8 

2200 
1600 

920 
480 
240 
108 

33.2 
12.0 

~r~- --
gin time: 
ACT)= 700 ; R(ACT)= l. 7 j 

Sample duration: 120 sec' 
Z(r100)= 1480 ; R(MOO)= 6.8 

~~e~i~~H~~~~occ=~~:8~;1~; o..~~~;1e -~;,~:~;:; 
Z(ACT)= 380 ; R(ACT)= 0.9 ; Z(\·100)= 660 ; R(l·l 

1 0.125. - - - 999 3996 
2 0.375 - - - 900 3600 
3 0.625 - - - 600 2400 
4 0.875 - - - 380 1520 
5 1.125 - - - 150 600 
6 1.375 61 20.5 82.0 60 240 
7 1.625 54 16.0 64.0 16.0 64.0 
8 1.875 15 4.0 16.0 4.0 16.0 
9 2.125 4 1.0 4.0 1.0 4.0 

10 2.375 - - - - -
11 2.625 - - - - -
12 2.875 - - - - -
13 3.125 - - - - -
14 3.375 - - - - -
15 3.625 - - - - -
16 3,875 - - - - -
1 7 4 .125 - - - . - -.. 
18 4.375 - - - - -
19 4.625 - - - - -
20 4.875 - - - - -

··-. . ····-···· -- - ----....... . --. ·---- -

1

2 August 74 I 
et!")in time: . 2154 GI-lT Sumple duration: 120 sec 
W.CT~~--~3_0 ~- R.\~~~2= 1.1_;_~[1~0ll_t'_~~~!._ll[~[J_Il_l:_:_~-

. ---·-··---~---------
1 0.125 550 2200 
2 0.375 400 1600 
3 0.625 - 230 920 
4 0.875 120 480 
5 ).125 60 240 
6 1. 375 44 14.8 59.2 27 108 
7 1. 625 21 6.2 24.8 6.2 24.8 
8 1.875 15 4.0 16.0 4.0 16.0 
9 2.125 6 1.5 6.0 1.5 6.0 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
\6 3.875 
17 4.125 
1D 4.375 
19 4.625 
20 4. 875 

.... ,_,. .- .·-:::.:.~.·..:·;."'"'" --~---

== =-'--=~·- . ·-
1 0.125 - -
2 0.375 - -
3 0.625 - -
4 0.875 - -
5 1.125 - -
6 1;375 41 13.8 
7 1.625 2• 8.3 
8 1.875 6 1.6 
9 2.125 3 0.8 

10 2.375 - -
11 2.625 - -
12 2.875 - -
i3 3.125 - ·-
14 3.375 - -
15 3.625 - -
16 3.875 - -
17 4.125 - -
18 4.375 - -
19 4.625 - -
20 4.875 - .-

. -- -·-·- . - ------· ..... -

88 

--
-
-
-
-
-

55.2 
33.2 
6.4 
3.2 
-
-
-
-
-
-
-
-
-
-
-

------- -·------ -· 
550 
400 
230 
120 

60 
27.0 
8.3 
1.6 
0.8 
-
-
-
-
-
-
-
-
-
-
----

2200 
1600 

920 
480 
240 
108 

13.'Z 
6.4 
3.2 . 



·. 

f8 -Au~ 7~·-- ------------··--------·----- --·-··-·-·---~ 

Bcain tiu1c: 0750 w.rr~ Salilple duration: 120 sec 
lz(I,CT)= 3370; ~(ACT)= 5.0; Z(/·100)=10680 ; R(IIDIJ)= 29.6 

- - - - -----
1 0.125 
2 0. 375 
3 0. 625 
4 0.875 
5 1.125 
6 1. 375 
7 1. 625 
8 1. 875 
9 2.125 

10 2.375 
11 2. 625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 1,,875 

'•3 
90 
52 
51 
11 

6 
1 

ll1.0 
12.7 
2.6 
1.3 
0.2 

~,-.. ·-- ··~~~~ '-"'=·-

ld~gt~g t~~e: 0752 Gf.lTi 
~-CT)= 3780 • R(ACT)= 5 6 . 

,__ 

1 
I 
I 
I 
1 
1 
I 
1 
1 
1 

' 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 

0.125 
0.375 
0.625 
0. 875 
1.125 
1. 375 
1.625 
1. 875 
2.125 

' 2. 375 
2,625 
2.87) 
3.125 
3.375 
3.625 
3.875 
,, .125 
'•-375 
4.625 
4.875 

- -
- -
- -- -
- -
47 15.8 

109 32.3 
58 15.6 
44 11.0 
18 . 

''· 2 
7 1.6 
1 0.2 

- -
- -
- -
- -
- -
- -
- -
- -

. 

1200 4800 
1000 4000 

R50 3400 
650 2600 
450 1800 

57.6 300 1200 

106.8 130 520 
56.0 65 2CJ0 
50.8 12.7 50,8 
10.4 2.6 10.4 
S.? 1.3 5.2 
0.8 0.2 0.8 

Sample -~~ratio~: ··:20 se:[ 
Z(l·IOO)= 10900 • R(I·IOO)= 29.8 • 

- 1200 4800 
- 1000 4000 
- 850 3400 
- 650 2600 
- 450 18{)0 

63.2 300 1200 
129.2 130 520 

62.4 65 260 
44.0 11.0.· 114.0 
16.8 4.2 16.8 

6,4 1.6 6.4 
0.8 0.2 0.8 
- '-
- -
- -
- - ! - -
- -
- -
- -

---- -- -·-·----· -- ------------

1

18 ·Au9 -74··- -- ---·--------. ----- --~ 

ll':!~in time: 0754 GI-H .. Sample duration: 120 sec 
Z(iiCT)- 3490 ; R(ACT)• 5.5 ; Z(IIOD)= 10460 ; ~(f!OO)= 29.2 

....... -- --···· ------ -·--·----·---------------·--.... ·-- -----··--- ··-----·· 
l 0.125 1200 4800 
2 0.375 1000 1•0'J0 
3 0. 625 850 34·:)0 

" 0.375 650 2600 
5 1.125 450 1800 
6 1. 375 91 30.6 122.4 300 1200 
7 1.625 110 32.6 13p.4 130 520 

3 1. 875 62 l6.7 66,8 65 26!l 

9 2.125 33 8.2 32.8 8.2 32.3 
10 2. :375 17 4.0 16.0 ,,,o 16.0 
11 2. (,25 0.9 3.6 0.9 3.6 
12 2.875 
13 3.125 1 0.2 0.8 0,2 0.8 
14 3.375 
15 3. (·25 
16 3.815 

t~ 
4 .125 
lj. 3r:i 

19 4. (125 
20 I,, 875 

. . . . . . . . . ' 

ACTIJ,\1, . l!Ollll'l i·:IJ 

llrup IHdpoint •.••.... _ .. . . . . 
z;l;:c .ll.:~mctor un\lmlH!r I 1\U!IIII:r ~';)1111Wr ·I ~!Lillb~_:f 

.:;Jt\~gnr:; (r.1111) m-l(ldl)-1 t11-·1111m I 111 3 (,"1) 1 m l:.~l! 
........ _____ ·---- -------·--------- .. --------·-

1

18 Aug-· 74·- --·- ---- - ---··- · · ·· . . . . - ·1 
lk•rJtn ttme: 0756 GI·\T; Sample duration: 120 sec 
Z(iiCf)" 7410 ; R(ACT)= 10.0; Z(I·!Oil)"I3C20 ; ~(11011)= 32.1 -··-·--·-···- ···------ ------- --·-·---··- . ·-·-- --·-- ...... -. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 

1'· 
15 
16 
17 

0.125 
0.375 
0.625 
0.8/5 
] .125 
1. ]75 
1. 625 
1.875 
2.125 
2.375 
2.625 
2.875 
3.125 
3.375 
3.625 
3.875 
4.125 

18 !,,375 
19 4.625 
20 4.875 

119 
159 
100 

73 
23 
16 

6 
3 

40.0 
47.1 
26.7 
18.2 
5.4 
3.6 
1.3 
0.6 

r=---
16fJ 
188.4 
106.8. 

72.8 
21.6 
14.1; 

5.2 
2.4 

1200 
10(10 

C50 
650 
450 
300 
130 
65 
18.2 
5.4 
3.6 
1.3 
0.6 

t,8oo 
4000 
8400 
2600 
1800 
1200 

520 
260 

73.8 
21.6 
14.4 
5.2 
2.4 

[~~~~~~~~~:::~:=;~-;~~~~~~;;~- :__~:~~~~-~ .. r~:~;~ ~~~·::~- . ~2~. :-~c] .. 
I\ACT)" 5810 _ _;_~\ACT)= 9.7 ; Z(l·~!ll_!= 84)_8__;__!1\~IO~!~~O_.~ 

----. ----·-·-
1 0.125 800 3200 
2 0.375 660 2640 
3 0.625 540 2160 
4 0.875 400 1600 
5 1.125 300 1200 
6 . 1:375 147 lt9. 4 197.6 170 680 
7 1.625 175 51.9 207.6 85 340 

·a 1.875 135 36.3 .145.2 45 180 
9 2.125 75 18.7 711,8 18,. 7 74.8 

10 2.375 16 3.8 15.2 3.8 15.2 
11 2.625 6 1.3 5.2 1.3 5.2 

12 2.875 1 0.2 0.8 0.2 o.s 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

------------

ji8-Au9 74___ ·-------a 
; 113cg. in time: 0800. GilT Sample Jurution.: 120 sec 

Z ( A~!)."__3?.JO_i _I!(~~Tl ~-~~-_;_Z ( ~~~)"_3_~0_!_!ljll~~) "_~-
--------- ... 

1 0.125 500 2000 
2 0.375 400 1600 
3 0.67.5 300 1200 
4 0.875 210 840 
5 1.125 130 520 
6 1. 315 144 48.4 J 93.6 so 320 
7 1.625 101 30.0 120 30.0 120' 
8 1. 875 6(; 17.8 7t.2 17 .8 7t.2 
9 2.17.5 29 7. 2 28.8 7.2 28.8 

10 2.375 7 1.6 6.4 1.6 6.4 
11 2. 6.~ 5 2 0.4 1.6 0.4 1.5 
12 2 :a1 s 
13 3. l25 
14 3.375 
15 3.625 
16 3.875 
17 t,, qs 
18 '•. 375 
l9 4,625 
20 '·· 875 

89 



18 1\uqust 74 

[ 
.. ··-· ·-- .. - -
Bcuin· time: 0802 GtU; Sample duration: 120 sec · ll_ACT)=_475~(ACT)• 7.7; Z(~)= 8240 ; R(t\00)=20.31 

1 0.125 800 3200 
2 0.375 "660 2640 
3 0.625 '540 2160 
4 0.875 400 1600 
5 1.125 300 1200 
6 1. 375 146 49.0 196 170 680 
7 1.625 126 37.4 149.6 85 340 
8 1.875 84 22.6 90.4 45 180 
9 2.125 58 14.5 . 58.0 14.5 58.0 

10 2.375 21 4.9 19.6 4.9 19.6 
11 2.625 6 1.3 5.2 1.3 5.2 
12 2.871 1 0.2 0.8 0.2 0.8 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

egin time: 0804 Gt-IT; -Se~mple duration: . 120 sec 
~~"'i\u'9ust-74 ____ - -----···----· --------~, 

(ACT)= 14990; R(AC1:_)= 19.6 ; Z(/.100)=27460 ; R(l·IOO)= 58.3 

1 0.125 - - ,] 1500 6000 
2 0.375 - - 1300 5200 
3 0.625 - - 1000 4000 
4 0.875 - - 850 3400 
5 1.125 - - 620 2480 
6 1. 375 153 51.4 450 1800 
7 1.625 238 70.6 282.4 280 1120 
8 1.875 197 53.0 212.0 150 600 
9 2.125 167 41.7 246.8 41.7 .- 246.8 

10 2.375 72- 16.9 67.6 16.9 67.6 
11 2.625 40 8.9 35.6 8.9 35.6 
12 2.875 9 1.9 7.6 1.9 7.6 
13 3.125 1 0.2 -0.8 ~.2 0.8 
14 3,375 - - - - -
15 3.625 - - - - -
16 3.875 - - - - -
17 4.125 - - - - -
18 4.375 - - - - -
19 4.625 - - - - -
20 4.875 - - - - -
··- --· -·::-::-.::::·::: __ --

1

18 August 74 · . . I 
Be~fn time: 0806 GIH Sample duration: 120 sec 

. Z(ACT)=19580; R(ACT)= 23.7; Z(II~D)= 34150; R(l\00)= 64.1 
. ---- ---- ···--------------------·-----------­-----··-·· 

1 0.125 1500 6000 
2 0.375 1300 5200 
3 0.625 1000 4000 
4 0.875 850 31100 
5 ~.125 620 2480 
6 1.375 125 42.0 168.0 450 1800 
7 Lo2s 195 57.8 231.2 280 -1120 
8 1.875 19.4 52.2 208.8 150 600 
9 2.125 239 59.6 238.4 59.6 238.4 

10 2.375 111 26.1 104.4 26.1 104.4 
11 2.625 52 11.6 46.4 11.6 46.4 
12 2.875 15 3.2 12.8 3.2 12.8 
13 3.125 1 0.2 0.8 o.i 0.8 
14 3.375 
IS 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 

. 20 4.875 
-=·.:..:; =·,;;,:,..,._...,= ~ -.-::.•.:-..:>·-·- ."7"0.:-.=:·=~= _ . ...,_,~~"""-'-'· , .... 

_(con_tinued} 

:\CI"UAJ, ;:r;;:; ;· j ;:;; 

1 0.125 
2 0.375 
3 0.625 
4 0. 87 5 
.s 1.125 
6 1. 375 
7 1. 625 
8 1. 875 
9 2.125 

10 2.375 

166 
110 
60 
76 
31 

11 2.625 11 
12 2.875 4 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

55.8 
32.6 
16.2 
19.0 

7.3 
2.4 
0.9 

223.2 
130.4 

64.8 
76.0 
29.2 
9.6 
3.6 

1400 
1200 

950 
700 
540 
300 
150 

70 
19.0 . 

7.3 
2.4 
0.9 

·-

5600 
4800 
3800 
2800 
1800 
1200 

600 
280 

76.0 
29.2 
9.6 
3.6 

l~~;f~~if~:~::~=:- ~~1-;~·;~ .. :_-~~~~~~·: ~(~:~~~~~,~-= 1 ~~- . :·~cl 
Z(ACT)= 1580; R(ACT)= 3.7 ; Z(I·IOO)_= 3E_7~~(~~~~L~~-~:EJ. 
-·--·-- . ··-----· ----·-

1 0.125 1400 
2 0. 375 1200 
3 0.625 950 
4 0.875 700 
5 1.125 450 
6 1;375 208 70.0 280.0 100 
7 1.625 98 29.1 116.4 29.1 
8 1.875 16 4.3 . 17.2 4.3 
9 2.125 3- 0,8 . 3.2 0.8 

10 2.375 3 o. 7 2.8 0~ 7 
11 2.625 3 0.7 2.8 0.7 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

5600 
4800 
3800 
2800 
1800 

400 
116.4 

17.2 
3.2 
2.8 
2.8 

·---·---~-· ;===---·::.'.=·--=-==----==~=--=-=-:===;-

1

-18 August 74 . 
Oegin time: 0812 Gf1T Sample duration: 120 sec 
~! ~~T):_4~o _ __;_11_<~~!l:_l_:_1____!_3!~:~~l = ~2-~.:._!J~'~ l = 2:~. 

1 0.125 1400 5600 
2 0. 375 
3 0.625 

1200 4800 
950 j8oo 

4 0.875 700 2800 
5 1.125 450 1800 
6 1.375 71 23.9 95.6 100 . 400 
7 1.625 23 6.8 27.2 6.8 27.2 
8 1.875 4 1.1 4.4 1.1 4.4 
9 2.125 4 1.0 4.0 1.0 t,,o 

10 2.375 1 0.2 0.8 0.2 0.8 
1,1 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.1~5 
18 4.375 
19 4.625 
20 4.875 

-.:"---=-=·.· . ..: 
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:.~:~:r·~'~;,~,:-:::~~:·::_;:;;'"":~- -;:.::...,.·::·~::::? ·~·~~--- _r 

::;l~fl d!no1wtcr uir.o tllnmcter number nun1hCr nmuiH!C nwuh•!C 
cntcgory (:1:m) no, catcr,ory (mm) no, ru- 3(6D)-l m-3mm-l m- 3(hl>)"·l m-)111111-1 

-----· ·---- -

IIOJHFI Ell 

~
ia··AuQ-UST74 ___ . ---- · ---~ 

Oc~ in time: 0814 GMT; Sample duration: 120 sec · 
Z(ACT)= 290 · R(ACT)• 0 B • Z(I·IOO)• 2170 • R(IIOO)= 12 2 . • • 

1 0. 125 - -
2 0. )'/5 - -
3 0. 625 - -
4 0. 675 - -
5 1. 125 - -
6 1. 375 40 13.4 
7 l.G 21 31 9.2 
8 1.8 75 3 o.a 
9 2. 125 - -

10 2.3 75 - -
11 2.6 25 - -
12 2. 8 75 - -
13 3.1 25 - -
14 3.3 75 - -
15 3. 6 25 - -
16 3.8 75 - -
17 4.1 25 - -
18 4.3 75 - -
19 4.6 25 - -
20 4.8 75 - --=-='-'--

i
SA~~]~s-t-74 

.. 

egin time: 
(ACT)= 300 

-
1 0.125 
2 0.375 
3 0.625 
4 0.875 
5 1.125 
6 1.375 
1 1. 625 
8 1.875 
9 2.125 

10 2.375 

11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.87.5 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

0816 GfiT; 
R(ACT)= 0.8; --

- -
- -
- -
- -
- -
57 19.1 
22 6.5 
- -

1 0.2 
1· 0.2 

- --- -
- -
- -
- -
- -
- -
- -
- -
- -

·---- ·---------· - . -
.. -------·-·-

1

18 August 74 
Benin time: 0818 GI1T 
zo,cn~ __ 7s~-~..li\~:l= 1.8; 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
D 
20 

0.125 
0.375 
0.625 
0.875 
J.-.125 
1. 375 
1.625 
1. 875 
2.125 
2.175 
2.625 
2.875 
3.125 
3.375 
3.625 
3.875 
4.125 
'+· 375 
'•.625 
,, • 875 

131 
22 
2 
8 

2 

44.0 
6.5 
0.5 
2.0 

0.4 

- 1400 
- 1200 - 950 
- 700 
- 450 

53.6 100 
36.8 9.2 
3.2 0.8 
- -- -
- -- -
- -- -
- -
- -
- -- -- -
- -

5600 
4800 
3800 
2800 
1800 
400 

36 
3 
-
-
-
---
-
-
-
-
-
-

.a 

.2 

.. 

Sample duration: 120 se:l 
Z(fiOO)= 2140· R(l100)= 12 1 • 

- 1400_ 5600 
- '1200 4800 
- 950 3800 
- 700 2800 
- 450 180b 

76.4 100 400 
26.0 6.5 26.0 
- - -
0.8 0.2 o.a 
·o.8 0.2 0.8 
- - -
- - -
- - -
- - -
- - -
- - -
- - -- - -
- - -
- - -

-

--------
1500 6000 
1300 5200 
1000 4000 

540 2160 
200 800 

176.0 60 240 
26.0 6.5 26.0 
2.0 o.s 2,0 
8.0 2.0 8.0 

1.6 0.4 1.6 

l
iS .AUQUSt--7tr··------------·--·- -· ·- .. -· -- ..... -· 
Uegfn tfme: 0820 Gf1Ti Sample duration: 120 sec 
Z(ACT)= ~!..~~1~~l~~X:_480_~_.!_~~1~~!~21:~ _ 

1 0.125 
2 0.375 
3 0. 625 
q 0.875 
s 1.125 
6 1.375 
7 1. 625 
8 J.875 
9 . 2.J.25 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
1ft 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

21 
39 
22 

5 

7.1 
11.6 

5 •. 9 
1.2 

28.4 
46. t, 
23.6 
4.8 

1800 7200' 
1500 6000 
1300 5200 
1000 4000 

600 2400 
250 1000 
55 220 
5.9 23.6 
1.2 .4.8 

.-

l~:~f~9~ffe~
4--·--- ;;~;-~~.;;~--- ~~:;~~;-~ -~-:~;~~~:~---- -,;0· ~-eel 

Z(ACT)= 400 ; R(ACT)= 0.9; Z(I·IOO)= 1~_51!.._;__~\~1~~!~--~] 

91 

1 0.125 
2 0. 375 
3 0.625 
4 0.875 
5 1.125 
6 1:375 
7 1.625 

·a 1.875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

··--·---------

31 
31 
10 

2 

10.4 
9.2 
2.7 
0.5 

---

41.6 
36.8 
_10.8 

2.0 

1500 
1300 
1000 

540 
200 

60 
9.2 
2:1 
0.5 

6000 
5200 
4000 
2160 
800 
240' 

. 36.8 
10.8 

2.0 

-1 18 Augustl-4-----------------. ---, 
Be•1in time: 0324 GfH Sample duration: 120 sec 
~(i\~!):_1:_o _ _;_~~~CT)=_~!_;_~\~1Jl".~!.~-~\~~)= 2.:3__ 

1 
2 
3 

'• 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 . 

0.125 
0. 375 
0.625 
0.875 
1.125 
1.375 
1.625 
1.875 
2.125 
2.375 
2.625 
2.875 
3.125 
3.375 
3.625 
3.875 
4.1~5 
4.375. 
4.625 
4.875 

46 
3 
l 

15.5 
0.9 
0.3 

62.0 
3.6 
1.2 

1500 
1300 
1000 

540 
200 

60 
0.9 
0.3 

6000 
5.200 
4000 
2160 

800. 
240 

3.6 
1.2 



Table B-1. Drop Distribution Obtained on Board NOAA Ship "Researcher" (continued) 

ACTUAL NODI FlED 
Drop 
size 

category 

Hidpoint ·--,---,---;----1----.----,----
t.liametcr I number number number J number 

(mm) no./ m-3(6D)-I m-3mm-1 m-3(60)-11 m-3nml-l 

~8-iluiust 74 
egin time: 0826 GMT; Sample duration: 120 sec 
(ACT)= 100 ; R(fiCT)= 0.3; Z(MOD)= 1180; R(t10D)= 7.5 

1 0.125 - - - 1500 6000 
2 0.375 - - - 1300 5200 
3 0.625 - - - 1000 4000 .· 
4 0.875 - - - 540 2160 
5 1.125 - - - zoo. 800 
6 1.375 16 5.4 21;6 60 240 
7 1.625 12 3.6 14.4 3.6 14.4 
8 1.875 - - - - -
9 2.125 - - .. - - -

10 2.375 . - - - - -
11 2.625 - - - - -
12 2.875 - - - - -
13 3.125 - - - - -
14 3-375 - - - - -
15 3.625 - - - - -
16 3.875 - - - - -
17 4.125 - - - - -
18 4.375 - - - - -
19 4.625 - - - - -
20 4.875 - - - - -

,....,.,.=....._-:....:c. - - -- ---·· -· -··· . 
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'fable B-1-. Drop Distribution D_bta.ined on Board NOAA Ship "Researcher" (continued) 

tiODIFlBD . ·'[ AC"fUi\1, 

.. ; .. 

Drr>p lHidpoint ·-,----y-··--·---
tl\:J:(! ,\lmnC>tPr ··--[ number number number nmnbcr 

:_~~~h" r_~ -·-(_m_m ) __ , _no_. ::"_-'_<~•::":_) -_1J.::m~-.:'•:::":..-_'J.:•::.-_3_:<:::•o:.:)~--'L•:::-_3.::••::• -_• 

' • .... --
1 0.125 - -
2 0.375 - -
3 0.625 - -
4 0.8]5 - -
5 1.125 - -
6 1. 375 33 11.1· 

7 1.625 49 14.5 
B l.R75 42 11.3 
9 2.125 21 5.2 

10 2.375 6 1.4 
11 2.625 2 0.4 
12 2.87$ 1 0.2 
13 3.125 - -
14 3.375 - -
15 3.625 - -
16 3.875 - -
17 4.125 - -
1B 4. 375 - -
19 4.625 - -
20 4.fl75 - -

1 o. i25"' -
2 0.375 
3 0.625 
4 0.875 
5 1. 125 
6 1.375 20 6.7 
7 1.625 32 9.5 
8 1.875 16 4.3 
9 2.125 13 3.2 

10 2.375 3 0.7 
11 2.625 1 0.2 
12 2.875 
13 3.125 
14 3.375 
15 3.62Y 
1G 3.875 
17 4.125 
18 4.375 . -
19 4.62.5 

------, Sample duration: 120 sec · 
Z(l·\00)- 3872 • P.{l\00)= 9 8 - • -

- 650 2600 

- 450 1800 
- 320 1280 - 200 BOO 
- 130 520 

4ll.4 B5 340 
58.0 45 180 
45.2 22 BB 
20.8 7 .o 28.0 
5.6 1.4 5.6 
1.6 0.4 1.6 
O.B 0.2 O.B 
- - -
- - -
- - -
- - -
- - -
- - -
- - -
- - --- --···· -

Sample duration: 120 sec\ 
Z(I·IOD)= 3568 ; R(fiOO)= 9.6 

650 2600 
450 1800 
320 1280 
200 800 
130 520 

26.8 85 340 
38.0 45 1BO 
17.2 22 88 
12.8 7.0 28.0 

2.8 0.7 2.8 

O.B 0.2 0.8 

20 4.875 - ---------'--·---·---

1

4 SePte~nber··74_____ · . I 
Ge.gin time: ... 1849GIH Sampl.e duration: 120 sec 
Z(ACT! : __ 1196 !. ~~A.~~l= 1.8 ; ~~I~'!_Dl".E~Il_i_lll~Q~!:,_~~~ 1 

1 0.125 650 2600 
2 0-375 450 !SOil 
3 0.625 320 1280 
4 0.875 200 BOO 
5 1.125 130 520 
6 1. 375 
7 1.625 
0 1. 875 

16 5.4 21,6 85 340 
24 7.1 28,4 45 180 
13 3. 5 lli.O 22 88 

9 2.125 23 5. 7 22.8 7 28.0 
10 2.375 7 1.6 6.4 1.6 6.4 
11 2.625 1 0.2 0.8 0.2 0.8 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 ,, . 125 

18 4.375 
19 ~-625 
20 Q.S15 I 

-
.. :--.· 

i\CTIJAI. mUJtFJ Ell 

ni?.c ,ttmnt!tcr nu:nbcr number numhcr tl111:tbcr 
Drop lH•Ipoint --~l'..,.. ....... -

1
...... .... . ..... ~· . 

c:ltcnory (mm) · no, m-J(l!.D}-1 m-lmm-1 m- 1 {1111)-1 m-3lnJQ-I 

~~cgf~t:•;~-~~--;;4-;~~~ -~~~·;-· ~~mp;: ~ur~~\on; ;~~ J 
1z(ACT)• 1027; R{ACT)= 1.8; Z(\100)= 1750 ; R{l-100)= 4.Sj 
-- :.:c~:~::--·--. :-=:::.:: :c-::.=:::.· · · .... · · 

1 0.125 30Q 1200 
2 0.375 230 920 
3 0.625 150 600 
4 0.875 100 400 
s 1.125 60 240 
6 1.375 23 7.7 30.8 35 140 
7 1.625 37 11.0 44.0 20 80 
8 1.875 26 7.0 28.0 10 40 
9 . 2.125 19 4.7 18.8 4.7 18.8 

10 2.375 1 0.2 0.8 0.2 0.8 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 ,, .125 
18 4.375 
19 ,,,625 -· 
20 ,,,875 

\~~~s~~t:~~:~=jt~: 1 ~~;--~-~~~ ~- ~~:~:~;·: --~~~~ ~~:~n:··· .. ~1 ;o·. ~-~J 
~(ACT):_~~;_RlAC~ )= 2 ·~ l_~IOD!:__:.:7_5_~_1l~~~~E!~ _4_:~_] . 

93 

1 0.125 
2 0.375 
3 0. 625 
4 0.875 
5 1.125 
6 1~375 31 
1 1.625 sa 
8 1.875 
9 2.125 

10 2.375 

11 2.625 
12 2.875 
i3 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

1 0.125 
2 0.315 
3 0.625 
4 0.875 
5 1.125 
6 1.375' 
7 1.625 
8 1.875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.B75 
17 4.1~5 

18 4.375 
19 4.625 
20 4.875 

33 
14 

1 

1 

48 
63 
21 
17 

7 
1 

.: ~· 

----- ______ .. 

10.4 
17.2 

8.9 
3.5 
0.2 
0.2 

16.1 
18.7 
5.6 
4.2 
1.6 
0.2 

41.6 
68.8 

. 35.6 
14.0 
0.8 
O.B 

-
64.4 
74.8 
22.4 
16.8 

6:4 
0.8 

• 

.=:: . .;.,.·~::=•.:....;. -=··=..,...· 

300 
230 
150 
100 

60 
35 
20 
10 

3.5 
0.2 
0.2 

600 
450 
300 
180 
llO 

70 
35 
15 

6 
1.6 
0.2 

.. :-'-""'"'·'-""""-·-·----

1200 
920 
600 
400 
240 
140 
so 
40 
14.0 

0,8 
0.8 

2400 
~800 

1200 
720 
440 
2BO 
140 

60 
24 
6.4 
0.8 

=·c-:~-"""'""'"""-



~-September 74 
egin time: 1857GMT; Sample duration: 120 sec 
(ACT)= 2265 ; R(ACT}= 3. 6; Z(f10D)= 3280.; R(l10D)= 8.2 

1 0.125 - - _, 600 2400 
2 0.375 - - - 450 1800 
3 0.625 - - - 300 1200 
4 0.875 - - - 180 720 
5 1.125 - - - 110 440 
6 1. 375 33 11.1 44.4 70 280 
7 1.625 68 20.2 80.8 35 140 
8 1. 875 46 12.4 49.6 15 . 60 
9 2.125 28 7.0 ·28.o 6 24 

10 2.375 8 1.9 7.6 1.9 7.6 
11 2.625 4 0.9 3.6 0.9 3.6 
12 2.875 - - - - -
13 3.125 - - - - -
14 3.375 - - - - -
15 3.625 - - - - -
16 3.875 - - ~ - -
17 4.125 - - - - -
18 4.375 - - - - -
19 4.625 - - - - -
20 4.875 - - - - -

,_;.,~~· ... b~ .... ,~. ----- . -- - . . -
4 September 74 

Begin time: 1859 GMT; Sample duration: 120 sec 
Z(ACT)= 1447 ; R(ACT)= 2.5 ; Z(f100) = 2990; R(MOD)= 7.9 

1 0.125 - - - 600 2400 
2 0.375 - - - 450 1800 
3 0.625 - - - 300 1200 
4 0.875 - - - 180 72() 
5 1.125 - - - 110. 440 
6 1. 375 44 14.8 59.2 70 280 
7 1.625 50 14.8 59.2 35 140 
8 1.875 31 8.3 33.2 15 60 
9 2.125 16 4.0 16.0 6 24 

10 2.375 5 1.2 l •• 8 1,2 4.8 
11 2.625 2 0.4 1.6 0.4 1.6 
12 2.875 - - - - -
13 3.125 - - - - -
14 3.375 - - - -- --
15 3.625 - - - - -
16 3.875 - - - - -
17 '•.125 - - - - -
18 4.375 - - - - -
19 4.625 - - - - -
20 4.875 - - - - -
. - -·-- ---·-·-··· --:.-:-- ·--.-----
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Table B-l. Drcp Vistribution Obtai11ed on Bo.::rd NOAA Sllip "Researcht:u·" (c:cntirmed) 

, ~~;;, J' :,';~:,:::~:j .... -~~;~~AJ, -;~b~~~ num:~:[J n;~~b~;-iJ' :;;~~·, '1;:~~~:::1'--J~'~~~~;A;,l ;;,;,,;e; I .,;.,,;:~:]I; 1:::'"'""' 
<:atCij·)c:; (mm) no. m-3(60)-1 ln-lmu;:!lm-3(1\n)-1 m-lmm-1 catcgnry (nuil) no, m-l(liD)-1 m-·1uun-l m- 3(1\ll)-l ~31r.ra··l 
--- ·---

1 0.125 
2 0.375 
3 0.625 
4 0.875 
5 1.125 
6 1. 375 23 7. 7 
7 1.625 47 13.9 
8 1.675 34 9.2 
9 2.] 25 33 8.2 

10 2.375 6 1.1• 
11 2.625 5 1.1 
12 2.87$ 1 0.2 
13 3.125 
14 3.375 
15 3. 625 
16 3.875 
17 4.125 
18 '·· 375 
19 4.625 
20 4.875 

T'f6~-Sep1e~ber .. _,74=· .... '" 
Begin time: 1022 GI·IT; 
Z(ACT)= 1270 ; R(ACT)= 2.0 i 

-
1 0.125 - -
2 0.375 - -
3 0.625 - -
4 0.875 - -
5 1.125 - -
6 1. 375 9 3.0 
7 1.625 44 13.0 
8 1.875 25 6.7 
9 2.125 18 4.5 

10 2.375 3 0. 7 
11 2.615 1 0.2 
12 2.875 1 0.2 
13 3.125 - -
14 3.375 - -
15 3.625 - -
16 3.875 - -
17 4.125 - -
18 4.375 - -
19 4.625 - -
20 4.875 - -

500 2000 
340 1360 
2'50 1000 
150 600 
100 400 

30.·8 52 208 
55.6 25 100 
36.8 12 r,s 
32.8 8.2 )2.8 
5,6 1.4 5.6 
4.4 1.1 4.4 
0.8 0.2 0.8 

-:..."'7-== 

Sample duration: 120 sec 
Z(I·IOD)= 2680; R(I-IOD)= 6.7 

·- 500 2000 
- 340 1360 
- 250 1000 
- 150 600 
- 100 ,,oo 

12. o· 52 208 
.)2,0 25 100 
26.8 12 48 
18,0 8.2 32.8 

2.8 o. 7 2.8 
0.8 0.2 0. 
0.8 0.2 0. 
- - -- - -- . - -- - -- - -
- - -
- - -
- - -

8 
8 

··-- -···· ··~ . -· -·-----~L--~-----

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
I) 
16 
17 
18 

0.125 
0.175 
0.625 
0 .Jl75 
1.125 
1. 375 
.l. 625 
1. 875 
2 . .125 
2. J75 
2.625 
2.875 
3.125 
3.375 
3.625 
3.875 
4. 125 
4.375 

19 4.625 
20 4.875 

29 9.7 
1,2 12.5 
28 7.5 
24 6.0 

5 1. 2 
7 1.6 
1 0.2 

3B.8 
50.0 
30.0 
zt,, o 
4.8 
6.4 
0,8 

.. -~~~ ----~-~i~~-
4/iO 1920 
300 1200 
200 800 
100 400 

60 240 
15 60 

tf.5 18.0 
1. 2 4.8 
1.6 6.4 
0.2 0.8 

1 0.125 
2 0.375 
3 0.625 
4 0.875 
5 1.125 
6 1. 375 
7 1. 625 
8 1. 875 
9 . 2.125 

]0 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625. 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

37 
49 
29 
13 

4 
2 
1 

12.4 
14.5 

7.8 
3.2 
0.9 
0.4 
0.2 

49.6 
58.0 
31."2 
12.8 
3.6 
1.6 
0.8 

900 
700 
480 
300 
200 
100 

60 
15 

3.2 
0.9 
0.4 
0.2 

3600 
2800 
1920 
1200 

BOO 

12.8 
3.6 
1.6 

. o.a 

\~:~f~PH~~~¢··~]4:,~~;~~~~~~- ---~:n:;l·~ ··:~~~::~~~-~~~: .... ;·2~ ~~c]. 
Z(ACT)= 880 ; ~J~!)=~jfiD_Il~~--:o~;_~(~~_lll~-~:3 . 

1 0.125 200 800 
2 0.375 100 400 
3 0.625 75 300 
4 0.875 50 200 
5 1.125 30 120 
6 1:375 20 6. 7 26.8 15 60 
7 1.625 20 5,9 23.6 7.5 . 30.0 

8 1.875 " 5.1 . 20.4 5.1 20.4 
9 2.125 9 2.2 8.8 2.2 8.8 

10 2.375 3 0.7 2.8 0.7 2.8 
11 2.625 1 0.2 0,8 0.2 0.8 
12 2.875 1 0.2 0,8 0.2 0.8 
l3 3.125 
14. 3.375 
15 3.625 
16 3.875 
17 4.125 
.lH 4.375 
19 4.625 
20 /j. 87.5 

..... -------
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1
-rG··scp~ten;tJ"er·n·~--------.----------------~ 

Begin time: 1032 GMT; Sumple duration: 120 sec · 
lyyc!)_.:__~~~L./!!ACT)• _2.3: Z(I·IOOt_ 1550; R(/10~ 

1 0.125 400 1600 
2 0.375 250 1000 
3 0.6:.!5 160 640 
4 0.875 100 400 
5 1.125 65 260 
6 1. 375 54 18.1 72.4 30 120 
7 1.625 56 16.6 66.4 20 80 
8 1.875 27 7.3 29.2 7.3 29.2 
9 2.125 14 3.5 ·14.0 3.5 14.0 

10 2.375 1 0.2 0.8 0.2 0.8 
11 2.625 
12 2.871 1 0.2 0.8 .0.2 0.8 
13 3.125 
14 3.375 
15 3.625 -
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 t,,R75 

Rr5,j;,,,,~,.,74" 
gin time~ 1034 G~1T; 
ACT)= 1730 ; R(ACT)= 3.3; 

s::~:-~:ration." -12-0 ,,:1 
Z(l·/00)= 1780 ; R(/100)= 4.4 

-
1 0.125 - - - 400 1600 
2 0.375 - - - 250 1000 
3 0.625 - - - 160. 640 
4 0.875 - - - 100 400 
5 1.125 - - - 65 260 
6 1. 375 101 33.9 135.6 30 120 
7 1.625 85 25.2 100.8 20 80 
8 1.875 38 10.2 1,0,8 10.2 40.8 
9 2.125 9 2.2 8.8 2.2 8.8 

10 2.375 4 0.9 3.6 0.9 3.6 
11 2.625 - - - - -
12 2.875 2 0.4 1.6 0.4 1.6 
13 3.125 - - - - -
14 3.375 - - - - -
J5 3.625 - - - - -
16 3.87.5 - - - - -
17 4.125 - - - - -
18 '•-375 - - - - -
19 /1,625 - - - .- -
20 4.875 - - - - -
.. ---- ------.. ···- ·-- -------

1
16 ::.eptember 74 . I 
Ocgin time: 1036 GfH Sample duration: 120 sec 
JZ(,\C!!~--- ~90_:_~(A_t::)= 0.9; l\JlODl:_ _ _2_!l~_:___I!_!I·IOD/~_!_:_2_ 

. - -···· ........ -----~--- .. ---- ··------ ----
1 0.125 160 61,0 
2 0. 375 120 480 
3 0.625 80 320 
4 0. R/5 50 200 
5 1.125 30 120 
6 1. 375 42 14.1 56.4 12 48 
7 1..625 26 7.7 30.8 3.5 14.0 
8 1.875 6 1.6 6.4 1.6 6.4 
9 2.125 2 0.5 2.0 0.5 2.0 

10 2.375 1 0.2 0.8 0.2 0.8 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3. 875 
17 4.125 
IS 4.375 
19 '•-625 
20 4.875 

il ... . ~ .... •.·.· ___ , ...... -~.-·.:-: __, ..... ,, __ ,. ~--~~:=·-' 

96 

(continued) 

uiz<! dlnm<!t(![ number number 
Drop f.!J,Jpoint ·--- -~-·--· ·-- ~--· ..... 

catet:ory (uu~) no, m- 3(tll>)-1 m-:tmm-1 

1 0.125 
2 0.375 
3 0.625 
4 0.1175 
5 1 .125 
6 1. 375 27 9.1 36.4 
7 1.625 13 3.9 15.6 
8 1.875 2 0.5 2.0 
9 2.125 1 0.2 0.8 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

tiCJ/lii-'JEIJ 

numhc:r n•111:ht! r 
m-l(flll)-1 m-3ram··l 

80 320 
50 200 
40 160 
28 112 
18 72 
10 40 
3.9 15.6 
0.5 2.0 
0.2 0.8 

-· 



Table B-1. Drop Distribution Obtained on Board NOAA Sllip "Researcher" (continued) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
l3 
14 
15 
16 
17 
18 
19 
2'.i 

1 
2 
3 

5 
6 
7 

9 
J.O 
11 
12 
13 
11• 
J5 
16 
17 
18 
19 
20 

0.125 
0.375 
0.625 
O.R7'J 
1.125 
1. 37J 
1.625 
1.875 
2.125 
2.375 
2.625 
2.e15 
3.125. 
3.375 
3.625 
3.875 
4.125 
4. 375 
4.625 
4.875 

0.125 
0.375 
0.625 
0.875 
1.125 
1. 375 
1.625 
1. 875 
2.125 
2.375 
2.625 
2.875 
3.125 
3.375 
3.625 
3.375 

4.625 
4.875 

45 
25 
7 
1 

67 
34 

6 

15.1 
7.4 
1.9 
0.2 

22.5 
10.1 

1..6 

60.4 
29.6 
7.6 

. 0.8 

90 
40.4 
6.4 

NODI Flim 

60 
50 
40 
30 
24 
15.1 
7.4 
1.9 
0.2 

95 
96 
62 
46 
34 
22.5 
10.1 
1.6 

21,0 
200 
160 
120 

96 
60.4 
29.6 
7.6 
0.8 

380 
304 
248 
184' 
136 
90.0 
40.4 
6.4 

j
. ::;~; 

. - ·-· -.. -·---.. ---· -----··----------------

~1Ri~;Hio-~~-~;~.~~~~l'~3. -'.1tG~~J :d~)~§~!i~~.l~~= :s~ I ______ ........ 
130 520 
110 440 

85 340 
68 272 
50 200 

J. 0.125 
2 o. 375 
3 0.625 
4 0.875 
5 1.125 
6 1.375 102 J'•· 3 137.2 34.3 1)7 .2 

67 19.9 79.6 19.9 79.6 

20 5.4 21.6 5.4 21.6 
7 1.6?5 
s 1.875 

4 1.0 4.0 1.0 
''· 0 

1 0.2 0.8 0.2 0.8 
9 2.125 

10 2. 175 
11 :!.6~5 

12 2..875 
13 3.125 -
J.j 3. J 7:> 
15 3.U25 
1 G '3.875 
17 ,, .125 

-~li:J'!. ·i. 175 ,, , t,. !;25 
~0 '•· 875 

' I ' 
I A::·J UAL I· ~j()j) I;: J l·.ll 

]Jrop !1!,!pr>(at . .. .. . _ ., .... -~ • . . 
· :;b:~' ldJ;u.J<.'!t<:r ,

1

· n~J;n!wc 
1
• LUp:IH·r ll'.''·'h,:r 1 n-_11 :·1 11 :!' 

! •:;ll•~)'•Jry (r.n:1) l1r>. ~-.-3(/dJ)-1 J.J-Ir.,Jn-1 n.-J(f,JJ)-li::J-.:J:~.l-, 
I -- _ __:,_ - -~-- ____ ,,_.!_, ____ _ 

1 0.125 
2 0.375 
3 0. 625 
4 0.875 
5 1.125 
6 l.J75 
7 1. 625 
8 1.875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.1::175 

153 
192 
14 
321 

5 

51.4 
56.9 
11.8 
8.0 
1.2 
0.2 

----~- ..... r ·-4so· ·· 

205.6 
227.6 
47.2 
32.0 
4.8 
0.8 

350 
2/0 
210 
150 
100 
56.9 
ll. 8 
ao 

1.2 
0.2 

1800 
11+00 
lOBO 
840 
600 
400 
227.6 

47.2 
32.0 
. 4.8 

0.8 

!1~-:~~~~~~~:~=-· 1-1~:~~~~~~=---~~~~;~ .. ~.:~~~~-~-~1~.: ... ~;;~ ::J 
!Z(,~CT)~ 2432 ; R(ACT)" 4.8 ;_Z(IIOD)~ 2~7l_i__~(~IO~l_~_7~l 

1 0.125 
2 0.375 
3 0. 625 
4 0.875 
5 1.125 
6 1·: 375 
7 1. 625 
8 1.875 
9 2.125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 
14 3.375 
15 3.625 
16 3.875 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

130 
139 

44 
14 

1~ 1 

43.7 
41.2 
11.8 
3.5 

2.3 
0.4 

·- - -··- -- ·---------- . --. 

174;8 
164.8 

47.2 
14.0 
9.:L 
1.6 

280 
220· 
170 
130 
95 
70 
41.2 
11.8 
3.5 
·2-."' 
0.4 

1120 
880' 
680 
520 
380 
280 
164.8 

47.2 
14.0 

9.1. 

1.6 

h'6'"5jipt"74 ---, 
:r.egin time: 1122 Gtrr Sample duration: 120 sed 
iZ(ACT)~ 1i23; lt(ACT)~ 2.6; Z(J.:OO)~ 1261 ; R(I·IOD)~ 3.61 -. --··· ·- ------------------------ ... ·- , ___ , __ --·-·· 

140 560 
\10 440 
90 360 
68 272 
50 200 

10 35.3 v, t. 2 35.3 141.2 
)( 22.5 90.0 22.5 90.0 
z· 6.2 211.8 6.2 24.8 

1.8 7.2 1.8 7.2 
0.2 0.8 0.2 0.8 

1 0.1.25 
2 0.375 
3 0.625 
4 0.875 
5 1.125 
6 1. 375 
7 1.625 
8 ] . 875 
9 2 .125 

10 2.375 
11 2.625 
12 2.875 
13 3.125 •. 
14 3.375 
15 3.625 
1G 1.875 
17 .·,. 125 
lS ,, • 375 

19 1,,625 
20 /1 ,ll/5 
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Table B-1. Drop Distribution Obtained on Board NOAA Ship "Researcher" (continued) 
~-,~=-~--r~'-~'''" -~'~-------~~- ~-o----~~~•===-~=~--~-o~=-·~=-=- ~-------·- .- - ---· 

i 
. ACTUAL l!ODIFIED 

Drop Midpoint ----.-----t-----1!_---,--------
size diameter I number number number _[ ~umber 

category (mm) no.jm- 3(AD)-l m-3mm- 1 m-3(AD)-lj m-3~-1 

[

16-sept 74 -
Begin time: 1124 GMT; Sample duration: 120 sec 
Z(ACT); 897 ; R(ACT)= 1 85· Z(MOD)= 972 • R(t10D)= 2 4 

' 
- --

1 0.125 - . -
2 0.375 - -
3 0.625 - -
4 0.875 - -
5 1.125 - -
6 1. 375 57 19.1 
7 1.625 37 11.0 
8 1.875 27 7.3 
9 2.125 11 2.7 

10 2.375 - -
11 2.625 - -
12 2.87S - ·. -
13 3.125 - -
14 3.375 - -
15 3.625 - -
16 3.875 - -
17 4.125 - -
18 4.375 - -
19 4.625 - -
20 4.875 - -

F··- -- --·- .....--··· 

-
-
-
-
-
-

76.4 
44.0 
29.2 
.10. 8 
-
--
-
-
-
-
-
-
-
-
-

' 
80 
70 
'52 
38 
27 
19.1 
11.0 
7.3 
2.7 

-
-
-
-
-
-
-
-
-
-
-

--

320 
280 
208 
152 
108 
76. 
44. 
29. 
10. 
-
-
-
-
-
-
-
-
-
-
-

4 
0 
2 
8 

16 Sept 74 
Begin time: 1126GMT; Sample duration: 120 sec 
Z(ACT)= 274 R(ACT)= .69; Z(r·lOD)" 386 ; RU10D)= 1.3 

-==::::::;=~= 
1 0.125 60 240 
2 0.375 - 50 200 
3 0.625 ·40 160. 
4 0.875 30 120 
5 1.125 22 88 
6 1. 375 22 7.4 29.6 15 60 
7 1.625 30 8.9 35.6 8.9 35.6 
8 1.875 5 1.4 5.6 1.4 5.6 
9 2.125 

10 2.375 
11 .625 
12 2.875 
13 3.125 '-
14 3.375 
15 3.625 
16 3.375 
17 4.125 
18 4.375 
19 4.625 
20 4.875 

·--·~-···--. -------- ----·--
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Appendix C 

Z-R Relationship Derived Through 
Use of a Cumulative Distribution Function (CDF) 

C.l. Rationale: Statistical Considerations 

The representativeness of the drop size distribution sampled with a 
device such as the foil impactor is discussed in a series of papers by Corn­
ford (1967, 196Ba, 1968b). Using Poisson statistics, he examined the number 
density of drops which must be sampled to define accurately the drop size 
distribution and particle size concentration •. Cornford concluded that approxi­
mately 400 drops must be counted in each size category (he used .25-rnrn incre­
ments) for the resulting measured drop spectra to be within ±10% of reality on 
95% of occasions. If the drop spectra need only be measured to within ±50% on 
95% of occasions, only 23 drops must be counted in each size category. There 
is,' of course, some compensation of sampling errors between adjacent size 
categories when the drop size distribution is integrated to compute, for 
example, water mass. Thus, it is Cornford's conclusion that drops in concen­
trations of between 10 and 100 m- 3 can be defined fairly accurately by an 
instrument of the foil impactor type. He further concludes, however, that 
measurements with.a foil impactor almost certainly will not be representative 
of the number of large drops when they occur in concentrations of less than 
about 2 m-3. 

The sampling volume problems inherent in determining representative con­
centrations of drops at the large end of the spectrum are well recognized. The 
number density of drops in each size increment varies greatly from shower to 
shower and is primarily a function of rainfall rate and sampling location within 
the shower. In the procedure for selecting suitable foil data, only those 
traverses through rainshaft cores which yielded an integrated sample size of 
at least several hundred drops were considered for detailed analysis, Although 
this does not satisfy the strict number density criteria for all size cate­
gories established by Cornford, it does serve to eliminate those showers which 
were not intense enough to produce a representative drop spectrum. It can be 
seen from the selected and composited drop size distributions shown in 
Appendix A that no exceptional deviations from an exponential decay are ev~­
dent at the large end of the spectra. 

C.2. Use of the Cumulative Distribution Function 

A cumulative distribution function (CDF) has been developed and applied 
in the hope of eliminating problems associated with small sampling volumes 
at the large end of the spectrum. As mentioned, because of compensation of 
sampling errors between adjacent size ranges, the integration of a measured 
drop size spectrum to determine total water mass is inherently more ·accurate 
than the determination of the spectra itself.· The CDF transforms the number 
density of drops within each size· category to force conformation to •in expo­
nential curve which. is physically consistent with respect to both tot:al water 
content and total drop concentration. This serves to smooth out the sampling 
irregularities at the large drop sizes and should, in theory, provide a mor~ 
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realistic indication of the actual drop distribution (assuming that such a 
distribution is of the preconceived exponential form). To our knowledge, this 
technique has not been applied outside of NOAA/NHEML. In this appendix, the 
best-fit Z-R relationship to data points computed from the transformed (CDF) 
drop distributions is presented and discussed. 

C.3. Development of the Cumulative Distribution Function 

The foil impactor Jnstrument suffers from a problem common to all air­
borne measurement devices that rely upon the direct collection of particulate 
matter in the atmosphere--it cannot sample a volume of cloud large enough to 
insure a statistically ·acceptable concentration of drops in all size categories. 
The sampling volume problem increases in severity as the drop diameter becomes 
larger. In the larger raindrop size categories (corresponding to drops > 3 mm 
in diameter), it is not unusual to sample with the foil impactor only a few 
drops during an aircraft traverse through a cloud volume of 1 to 10m3• The 
use of a cumulative distribution function alleviates problems~ caused by 
reasonable statistical fluctuations in the sampled data set if it can be 
assumed that there exists one theoretical function that can characterize the 
real drop distribution within all clouds or rainshafts of interest. 

A distribution of the type suggested by Marshall and Palmer (1948) has 
been generally used to characterize raindrop spectra in a variety of cloud 
conditions. This function has the form 

with the slope,A, related to rainfall rate through the expression 

A = 4.1R-O.Zl mm-1 (R in mm hr-1) (A.2) 

and N
0 

given the value: 8000 m-3 mm-1. Note that this distribution function 
is strictly valid only for drop spectra which display an exponential decrease 
in concentration with increasing size, arid it should not be applied if bimodal 
(or .otherwise non-exponential) real distributions are suspected. 

Figure C.l shows a raindrop distribution generated through (A.l) with the 
data given in table C.l. 7 Let us assume that the real raindrop size spectrum 
in a given rainshaft is represented by the curve (line) in figure C.l. Now 
suppose that 1 m3 of the rainshaft is sampled with a foil impactor and the 
·data appear as shown in table C.l and the histogram in figure C.Z. In com­
paring figure C.l with figure C.2, one can see that the drop concentrations in 
the two smallest size categories, each of which has a relatively large data 
sample, remain unchanged, while in the fourth size.category and greater, the 
sampled data set departs significantly from the assumed real exponential drop 
distribution. Curve A in figure C.2, a best fit to the sampled data, gives 
values of 11556 and 3.08 for N

0 
and A, respectively. The differences at the 

7The data set of t?ble C.l has been developed as an idealistic example of how 
the CDF operates. It is not part of the GATE data set. 
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large end of the spectrum between the collected data and the real distribution 
can be interpreted as due to sampling volume problems, and thus the best-fit 
curve A in figure C.2 does not provide an accurate representation of the 
assumed real drop size distribution (curve C in figure C.2 or the curve in 
figure C.l). 

The use of a cumulative distribution function partly eliminates sampling 
volume problems. The integration of (A.l) to find the total number of drops 
(NT) over all size categories yields 

-.. 
'e 
E 

-00 -z~ 

N (D)= N
0 
e- 'X D 

N0 = 8000 m3 mm -t 

),. = 2.53 

2 3 4 
DROP DIAMETER (MM) 

Figure C.l. An idealistic assumed Marshall-Palmer drop size distribution. 
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1-' 
0 
N 

Table C-1. DrD£ Distribution Data 

Assumed Assumed Sample Sample Expected 
real drop real drop drop drop drop 

Size :Hinimum Mean Maximum concen- cone en- distri- distri- cone en-
category diameter diameter diameter trationl tration bution2 but ion tration3 

(rnm) (mm) (mm) no m-3 OD no m-3 mm-1 no/m3 I llD no m-3 mm-1 no m-3 mm-1 

1 0 0.216 0.432 2102 4866 2102 4866 4794 
2 0 .l>32 0.648 0.864 705 1632 705 1632 1436 
3 0.864 1.080 l. 296 236 541 248 575 430 
4 l. 296 l. 512 l. 728 79 183 39 90 129 
5 1:728 l.944 2.110 27 63 40 93 39 
6 2.160 2.376 2.592 9 21 1 2 12 
7 2.592 2.808 3.024 3 7 2 5 3 
8 3.024 3.240 3.456 1 2 0 0 1 
9 3.456 3.672 3.888 0 0 0 0 0 

10 3.888 4.104 4.320 0 0 0 0 0 

1calculated from exponenti~l distribution: N(D) 
from assumed rainfall rate of 10 mm hr-1 . 

N
0

e-AD with N
0 

assumed 8000 m-3 mm-1 ~and A of 2.53 derived 

2Hypothetical 1 m3 data sample which might be obtained from real distribution by use of foil impactor. 

3nerived from cumulative distribution function. 
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--:-7(A-:-l- BEST FIT TO DATA 
SAMPLE 

N(D)=H556e3
.
080 

Is-)- BEST FIT TO CUMULATIVE 
· DISTRIBUTION DATA 

SAMPLE _
2

_
790 

N(D)= 8759e 

----ASSUMED REAL DATA (C) 
BEST FIT _

2
_
53 0 

N(D)=8000e 

1 2 3 4 
DROP DIAMETER {MM) 

C.2. Best-fit curves drawn to (A} histogram of sampled drop sizes shown, 
(B) real drop sizes shown transformed through use of a cumulative distri­
bution function, and (C) assumed real distribution shown in figure C.l. 
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which gives 

The total water content of the experimental distribution can be found by 
integrating the expression 

00 

M= f 
0 

which, when solved, gives 

1TpN0 f (4) 
M = -6->:" 

The mass (liquid water content) can also be computed independently from 

M 

(A. 3) 

(A. 4) 

(A.S) 

(A. 6) 

(A. 7) 

where N. and D are the concentration of drops and mean mass drop diameter,S 
respecti~ely, of interval i. Substituting (A.4) into (A.6) and solving for A 
gives 

[ 
r(4)]l/3 

1TP l/3 -l/3 NT M 
6 

(A.8) 

The cumulative distribution function therefore provides a Y-axis intercept 
(N

0
) and a slope (A) to a best-fit exponential curve. N

0 
and A are physically 

consistent with respect to total water content (M) and total drop concentra­
tion (NT). Note that the calculated values of M and N are derived from the 
observed data set and thus are subject to errors caused by sampling volume 
problems discussed earlier. However, the effect of sampling volume errors on 
total mass and total concentration is not nearly as great as that on the drop 
concentration within each interval. The use of the cumulative distribution 
function, defined as 

C(D) = 
N 

___£_ (1 
A 

- e -AD) (A. 9) 

8The "mean mass diameter" is not necessarily located at the midpoint diameter 
of each interval, although the latter is generally used in practice to compute 
the total mass. 
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serves to smooth out the sampling irregularities at the larger drop.sizes and 
should, in theory, provide a better indication of the real drop distribution. 

It can be seen from curve B in figure C.2 that the best-fit relationship 
derived through use of the cumulative distribution function approximates 
the assumed actual distribution (curve C in figure C.2) much more closely 
than does the best fit to the sampled data (curve A in figure C.2). The cal­
culated values of N0 = 87S9 and A= 2.79 from the cumulative distribution 
function are very close to the assumed real values of N = 8000 and A = 2.S3. 

C.4. Application to GATE Drop Distribution Data Obtained from Foil 

Figure C.3 shows the five selected drop size distributions for August 10, 
1974, as transformed through use of the CDF. The best-fit expression of the 
form 

N(D) = N e-AD 
0 

is given for each case. This can be compared with the data given in figure S. 

Figure C.4 is a plot of all the Z-R data points derived through a CDF 
transformation of the raw spectra (see Appendix A for a complete listing) and 
gives the best-fit curve to the data. The best-fit curve to the untransformed 
data (fig. 7) is also given for comparison. The best-fit curve for the CDF­
transformed foil data is found to have the form 

Z = 238Rl.S7 (A.lO) 

Table C.2 shows the rainfall rate (mm hr-1) as a function of Z(dB) for 
eight daily GATE Z-R relationships calculated from CDF-transformed drop 
distribution data collected near cloud base by the foil impactor on the DC-6 
aircraft. These results can be compared with those of the untransformed foil 
data shown in table 7. The daily variability in rain rates computed from 
radar reflectivities of 3S to SO dB does not appear to be of significance. 
Some divergence in the calculated daily rain rates for very heavy rainfalls 
(Z > SO dB). is observed. Figure C.S shows a plot for all of the·daily Z-R 
relationships calculated from the CDF-transformed drop distribution data. 

Figure C.6 shows the best-fit Z-R relationship as a function of three 
rain rates (R > 0, R > 7.S mm hr-1, and R > 12.S mm hr-1) for the CDF­
transformed data. This can be compared to figure B. These curves from the 
CDF data appear to be somewhat more sensitive to rain rate stratification 
than those shown for the untransformed data. The complete Z-R data stratified 
as a function of rain rate is given in table C.3, which is analogous to 
table 8. 

The use of the CDF transformation has not been a conventional technique 
for previously published analyses of Z-R relationships. For consistency with 
other observations (table 1), therefore, we have not emphasized the CDF 
.~esults in the main section of the report. However, use of the CDF to elimin­
ate sampling volume problems at the large end of the droplet spectra has 
obvious advantages and may provide results which are more representative of 
the actual rainfall-reflectivity relationship. 

lOS 
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SELECTED DROP SIZE DISTRIBUTION 
DC-6 FOIL DATA 10 AUGUST 1974 
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3 R=11.7mm hr-1 N(0)=797 e-1.720 
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2 3 4 
DROP DIAMETER (mm) 
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Figure C.3. As in figure 5, except drop size distributions transformed 
through use of the CDF. 
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Figure C.4. Best-fit Z-R relationship drawn to all data points obtained through an analysis of DC-6 
foil data transformed through use of the CDF. Best-fit curve to the untransformed data (fig. 7) 
included for comparison. 



Table c-2. Rainfall Rates (mm hr-1 ) as a Function of Z (db) for Eight Daily Z-R Relationships Obta.ined 
at Cloud Base D~ring GATE (CDF 4ata) 

Z(db) 230R1.58 251Rl.57 269R1.47 235Rl.49 343Rl.4G 493Rl.36 259Rl. 56 204Rl.68 

60 200 196 268 273 236 270 199 157 

55 97 94 123 126 107 116 95 79 

50 47 45 56 58 49 50 46 40 

45 23 22 26 27 22 21 22 20 

40 11 10 12 12 10 9 10 10 
..... 
0 
00 35 5 5 5 6 5 4 5 5 

30 3 2 2 3 2 2 2 3 

25 1 1 1 1 1 1 1 1 

20 1 1 1 1 < 1 < 1 1 1 
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Figure c.s. As in figure 6, except data transformed through use of the CDF. 
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Figure C.6. As i-n figure 8, except data transformed through use of the CDF. 



Table C-3. Cloud-Base Best-fit Z-R Relat~onships as a Function of Rainfall Rate (Data Transformed with CDF) 

R at R at R at R at 
Correlation 50 db 45 db 40 db 35 db 

Stratification No. data points Z-R relation·shiE coefficient mm hr-1 mm hr-1 mm hr-l mm hi-l 

All data 107 Z = 238 Rl.57 0.986 47 23 11 5 

R > 2.5 mm hr-1 97 Z = 235 Rl.58 0.979 46 22 11 5 

R > 5.0 mm hr-1 71 Z = 268 Rl. 53 0.959 48 23 11 5 

R > 7.5 mm hr-1 56 Z = 177 RL 68 0.947 43 22 11 6 

R > 10;0 mm hr-1 46 Z = 203 Rl. 63 0.927 45 22 11 5 
>-' 

R > 12.5 mm hr-1 Z = 331 R1.47 >-' 30 0.861 49 22 10 5 
>-' 





Appendix D 

Program Listings and Sample Output for 

Foil and Distrometer Data Analysis 
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Foil Program - Listing and Sample Output 

A fortran listing is provided for the NOAA/NHEML foil data processing 
program. This program takes as input a histogram of number densities of 
drops obtained per ten .43-mm-diameter intervals during the aircraft traverse 
of a rainshaft and produces as output a series of tables and graphs. These 
tables and graphs show drop concentration in units L-4, computed water con­
tents, mean and median diameters and volume diameters, computed values of 
reflectivity (Z) and rain rate (R), best-fit curves to the distribution data, 
and derived values of A and N0 in the exponential best-fit equation. This 
set of information is derived for both the actual data and that transformed 
through use of the cumulative distribution function (expected data). A linear 
best fit to the Z and R data points is computed for both the actual and CDF 
data. (See distrometer output in next section for example.) 

The program consists of a main section (in which all data is read, all 
bookkeeping functions are handled, and all output is written) and nine sub­
routines (CALC, RAIN, V WATER, V DROP, MEDIAN, LEASTQ, REGR, PLOTT, and 
ZRFIT) in which computations are performed. The listing contains a number of 
comment cards designed to assist the reader in interpreting the purpose 
of each section of the program. 

• 
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c ***** c 
PROGRAM FOIL EML **** 

!"IS P~u&•AM CAlCULATES Ub~~HVED ANU tXPtCTEO ~ATER DROP StZ~ 
c 
c 
c 
c 
i: 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OlSTRibVltUNS fRUM FOIL IMPACTUR OATAo ........................ . 

MAIN PROGRAM SETS UP lNPUT1 UUTPUT, .ANO CALLS SU~RUUTlNES TO DU MOST 
CALCUI.ATIDNS, 

R~AI. NOw,N• 1 LwCMW 1 LwC• 1 MVODl~•MtDIAW,NMPW,NT 
..... INI~~ER •AT~~,YR,OA,CLO,PASS,~HAMEdlME ... . . . . . .................. . 

DIMtNSION •o•I2~),N•I~5),U>I25),S!GMA•I2~l,L•C~•czslrPL•C•C25),NMP 
IW(i!$l,D!MGI25) . . . . ........ .". 
D!M~NSIU~ FD(25l,CDI25) 1 P~DI2~l,PCDI2Sl,tNOI2Sl 1 XNCI2Sl 
OlMt~~lU- ANGI~) . 
CUMMO- GC25 1 280) 1 yR,MU,OA,CLD,PASS,FRAME 
COMMON /CONS/PI ·········-·-·--· ··-· ··-·-· 
COMMON /V/VOL 
COHMQ~ /INC/H,•ATER,NN 
CUMMUN /lCE/HICE 
COMHUN /DAIA/TC,PMB 
CUHMON /TUD~OP/AR(!O) 
CUMMQN /lRCAL/DATA(200,2),1L 

*'** DEfiNITIONS *H* ....... ····-·· ·-
•••••***** I~PUT CONSTA~TS ********** 

UIMG •• VECTOR IHAbE.UIAMETERS (MMl -· .. 
AR •• VECTOR Of CONSTANTS NEEOEO FOR COTTONS TERMINAL VELOCITY 

........... 
I I Mf. 
A~T 
TEMP 
it 
PM~ 
YH 
MQ 
OA 
(;LD 
I' ASS 
•ATER 
NN 
NUM 
M 
u~ 
ij 

SUbROUTINE ·········- -····-·-·--······--·-··· 
SYMBIJL fOR PLOT 

•• VECTOR OF Sl~dULS FOR PLOT 

INPUT YARI-BLES ttt******* 
•• TIME OF CLUUU ~ASS (GMTl 
•• FLIG~T ALTITUDI:. (~M) _ •...•.....•••.. 

FLIG~T ltMPEkAIURE (DE~ C) 
•• SURFACI:. TEMPORATUHE (D~G C) 
•• SU.~ACt PRtSBUHt IHB) . 
•• YEAR t2 DIGITS) 
•• HUNT~ (2 D!~ITS) 
•• DAY (2 O!uiTSl 
•• CLOUD ID~NT!fi,AT!UN (U ALPHANUMERIC) 
•• PASS IDf.NT!FlCATJUN to ALPHANUMERIC). 
•• 1 (tUNSTANTl 

.•• TOTAl NUH6f.R UF FRA~ES 
•• NUMBf.R Uf rRAHtS FUR RUNNING MEAN 
•• TOTAL NUMBt.~ 0~ SHE.INT!c.RVALS ..... __ 
•• VECTOR UF HIVPU!NT~ Of ~IZE INTERVALS 
•• ARRAY OF NUMOE~ Of OROP~ETS PEH FRAME 

********** lNDlCAT0R PARAMETEHS ********** 
. _ .•.• ICH~----··· -~·-- 0 FOR··OdSE~V~O CAL(;ULATiONS, .LFOR .EXPECTED.CALCU~ATIONS ... 

NJ •• NUM~f.R OF PAHAMf.TEkS ON PLUT 
.. ~S. ----·- •• STARTING lND_i_CATOR FOR HUNNING MEANS ___________ ------- ___ _ 

LE •• ENDING IND!CATOH FUR RUNNING HEANS • 
~SAVf.L ... •• , SAVE LUCATION rOR.I.E ... _: -------······--- --···· -··-···-·-·----· 
I.SAV2 •• SAY~ LOCATIO~ fOR LS 

•••••••••• 
VOL 
NUt~~ 

NW 
NT 
ALAM 

OTHER PARAMETERS *****~**** 
. •• TOTAl VOlUME-Of PASS 
•• VECTOR UF NUM~t.R Or DROPS PER INTERVAL 
•• VECTOR OF t.O."ti:.NTHAT!l!N~ PER INTERVAL 
•• TOTAL CONCoNIHATJUN (GM/CU CM) 
•• LAMBDA IN o<ST•FiT <YUAT!Q~S 
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• c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

XNO 

····••**** ,. 
~·c~ 
S,UMNW 

, '~lAM! 

"" AOW 
MEO!AW 

.. AVO!<. 
MVOO!W 
A 
~ 

~~ 
XNC 

.NHPW 
~HCH• 
~L.wCw 

~IGMAW 
~- (D) 

C(D) 

PF(O l 
~cc o' . 
~t<ISQ 

NJ:4 
ll•il 

OUTPUT 

.. .. .. 
•• .. 
•• ... 
.. 
•• 

.. 

.. 
•• .. .. 

........... 
RAOAM MlFL~CilVI.TY (MM&/CU M) 
TOTAL. L.lQUID-wAT~R CUNT~NT (GM/CU Ml---·-····-----------·-· 
TOTA~ CU~C~NI~At!UN (!'U ~) 
RADII< RHL.tCilV!TY USIN~ MIAMI fURMUL.A .. (HM&/CU H) .... 
RAI~fAL.L. !NT~NSITY (M~fHR) 
AVtRIGE D!AMoTtR (HM) 
MEDIAN DIAHElER (MM) 
AVlMAGo VOL.UMl DIAMETER. (H~l ..... ....... ······--·-·--··- ··-······ .. . 
MEDIUM VUL.UMO DIAMtTER (MM) 
CONSTANT IN ooST FIT oVUATIUN 
EXPONENT IN oo•T FIT EQ~AT!ON 
EXPONE•T 1• MANS"AL.L.•PAL.ME-.R EQUATION .•• 
VECIUR UF CUoCtoTMAT!UN~ FMUM BEST FIT EQUAT!bN 
VECTUR Uf CUNCtNTRATION~ FROM MARSHAL.L.•PAL.HEH.EQUAT!QN_ 
VECTu• UF LI•UID •ATEM CUNTENTS PER INTERVAL. . 
VECTu~ uf PEoCE--NTAGES ui TOTAL LIQUID •ATER CONTENT PER 
jNTEMVAL. . -
VECTUR OF ~T•NDAHD D~Y!ATIUNS OF CUNCENTMATIONS 
CUMULATIVE OISTN!~UT!O~ UF 05SERVEO CONC~NTRAT!ONS PER 

-INTERVAL. ....... .... .... , - ·······-·-
(UMUL.AT!YE DISTRIBUTION OF EXPECTED CONCENTRATIONS PER 
!NTENVAL. .. 
PoRC~NTAGoS WF UBSoRV£0 CONCENTRATIONS 
PEHCENTAo~B UF txP<CToU CONCENTRATIONS 
CH!•SQUAk£ GuUONtSS o; ~IT STATISTIC 

REAU (5,4&) (D!HG(J),J•1•22l 
4& FU~MAT IIOF8,3)' 

REA~ (5,45) (AR(J),J:!,q) 
45 fUNMAT (5f!4.11l 

REA" (Solb) BL.AN~ 1 (ANo(KK),KK•I,NJ) 
!b FURMAT (SA!) ' 

5003 REAU (5,2051) T!ME,AL.T,ToMP,TC,PMB 
2051 FQNMAT (l!Q,FI0,3,2F!O,!,FIQ 1 2) 

IF ITIME,EG,O) CALL ZRF!T . 
IF (T!Mt,~Q,O) CALL. EXIT 
>Rilt lbo2052) TIME,ALToltHP,IC,PM8 

2052 FUHMAT (I~I,IIOoF!0,3,2FIO,l,FtQ,2) 
ll•Iltl -
RtAU (5,10) YR 1 MO,DA,CLO,PASS 

10 FURMAT (3i!Oo&X 1 AU 0 bXoAU) 
·~IT£ (b,2053l yR,MO,DA,CL.D,PASS 

2053 FONMAT (IH0,3I!0 1 &X 1 Au,&X 1 14l 
SOOt REA~ (5,15) •ATER,NN,NUM 

IS FU~MAT 131.101 
READ (5,20)·M. 

20 FLiiiMAT· .1110) 
YO~ ~NN*, 09955 ...... ···--·-····--····- ......... -· 

c ••• 
c 

VOL. IS CUBIC METERS P!.R FIVE-- _INCHES Of fUl~_WITH.TALOI'. .. IOO !' PtH SEC. 

I CHK•O ........ __ ······--· 
LS•~ · 
L.E•NN•L,_ .. _ ...... ···-- ··------···-·· 
OU )0 L.a.t,M: 
IF t~UM,L.f. 1 16l liO TU ·uq 
RoAU (5,25) ON(~), (G(L.,K) 1K=!d8) 

25 FO•HAT IF5,J.S8fu,Ol ··-··· 

2~0 
RE'.AU (5,250) (GtL. 1 K),Kotq,NUM) 
FORMAT (ZOF4,0l 
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c 
c 
c 

c 

~~2 PuNMAJ (1HO,F~,J 1 !1FQ,O) 
Zol FUkMAT 11M ~~Xo20Fa,O) 

GU 1 U 50 
aq RoAU lo12Sl Ooi") 1(G(" 1Kl1K•l1NUM) 
SO CUNIINUl:. 

1017 FOKMAT t1HI 1 57XII2HACTUA~ VALU~o/L----·----·· 
SOQ "S•~H 1 -

"'-;LE.+I ...... ----- ---------------··-----··-----------·------- ---------- ----· ·- ----
00 oO K•I 1 M 
SUM•O, 0 .. ·-- ----------·-------------------- ______ -----------· ___ _ 
Oll 40 L•LS1LE 

. 8UM;;SUM+G(K 1L.) 
uo co~<i!Nur. 

NU•(t<)•SUM 
cO CONIINUE 

1000 FO~MAT IIH la8XI31H•All:.R DROPLET SIZE•OISTRIBUTION) 
1001 FO~MAT IIH 1qoX 13&HCUMULUI tx•tHIMl:.NTS MIAMI 1 FLORI04) 
1012 FOHMAT (IH 1oOX 10HMAY 19ol2) ~ --···· ·····-···---·----------·--·--·--····-----------
1013 PURMAT (lH 1bOX 17HJUNC. I91!Zl 
IOIQ FO"MAT (IH 1b0X17HJULY 19112) 
lOIS FO"MAT IIH 1oOXI9HAuGUS1 1911~) 
102& FORMAT (IM 1o0Xo12HSEPT1:.Mtir.R 19d2l ------·· 
IOOb fUKHAT (1H0 13oX15HOAT1:. 11211Hi11211H/11<115X1bHC~OUD oAU 15X 15HPAS8 

I rAUl .... -- ----- ---··· -·-··-·· -· ------------- .. -· ------·------
1007 FORMAT ()H 120X1SHT!HC. 1 ll013HGMT 1 10X 1 11H~"IGHT A~T rFI0,3 12HKMol9 

IX,lc~Fl.lGHT Tr.MP 1 F10oliiHCl..~. -- . ··--······---···--· -·--·---·. -·--· ---------· 

CAl.L SU~ROUTJNES TO CALCULATE DtSIRl:.O QUANTUIES .. ···-···--. 

PI•.Io!Qic ... ... -------------··· ...... .... .. .. . ·---·-··-- --·-
CALC CAL~ INOW 1 DW 1 Nw 1 5UMN• 1 SI~MAW 1 ZW 1 LwC• 1 LWCMW 1 AOW 1 AVDW 1 P,WCw,~S 1 
I~El _ . . _ 

1008 FORMAT (IH0 12S.Xo3HZ =~F9oii8HMMo/CU H1bX1bHLWC • 1 F5.317HGM/CU Mrb 
IX1oHCUN: 1F7oi1SH/CU Ml ..... __ .. 
C~l~ RAIN (L,OW,Nw 1 KW,NMP~,ijMJ 
ZM1AM1=300,•Rw••1,~ _ .. __ --·· 

1023 ~OkMAT CIH 1QOX 1 UHR : 0 f5 1 21~HMM/HR18Xr9HZMIAHJ • ~~~ 1 lr9H MM&/CU 
IM) . . 
IF IICHK,NE,ll GO TOil 
DA1A(lllll•ZW 
0ATAI!Ir2l•Rw 

il CUN I INVC: ··--··-·· .... ··-----------------
CALC MoD!AN (SUKNw 1'w1Dw1Hl:.OIAW) 
CA~~ M~OIAN (~WCW 1 L•CHw 1 Dw,MVUOIW) 

1009 FUiMAT (lH 120X 1 10HAVC. OIA • iF•o212HMH 1tiX 1 10HMtO OIA c rf4 1 21 2HMM 
l 1bXri4HAVE VOL DIA c lf•o212HMHrcXr)UHHC.U VOL DlA • rFQ,2 12HMMI_ .. 

CALL LEAST~ (N•1Dw 1 A1~l . 
1010 FORMAT (IH0 1 3JX,SHN.C :1FIOolrSH. ~XP(,Fbr2r3H DlriSXr.lcHN MP. o.iOO __ 

10 tXPCrFb~I 1 5H Dll 
DO l040. I•1 1 H 
XNC\Il•A•EXP(~•D•tlll 

3040 CONTINU~ 
1011 FORAAT tlHO) 
1020 FORMA r c I HO, 12x, UHD 1 HG I c x 1 1 HD, 1 u, IHN 1 1 o~,_si:I . .JLC. .. , 9x .• QHN .. MP1 1 ox, 3lL.­

IL•Lrllx,4HPL•C~Rx12HNo,rx,sMSIGMAl 
1021 FORMAT (IH· lliiXIUH(MH)ISXI4H(MH)I7Xr7H(/CU M)rcX,7Ht/CU.H),ci1 7H(/ 

ltV MlibX 1 9H(GH/CU H) 1 9X 0 5HI-l117X 1 9H(GM/~U M)) 
1022 FQkHAT. (IH 1IOXIF&,lr"X1Fo,314XIf8aZI&Xrf6,2rcXoF8,2ocXrF7 1 Qa8XoFb 

·:t~2,c.K,Fs,o,ox,f:7,2l - -

C IF FRl:.WUENCY O!STRIBUTIO'S AND E•PtCToO VALUES BEING CALCULATEDr SKIP 
C PLOT AND CHECK ~OR RU~NING H1:.AN 1 . 

c 
C ALL UNITS CONV~RT~D )0 CM IN PRQOA~I"l!Y Ol~TRIBUTION CALCULATIO~S, 
c 

I~ llCHK,E~,l) GO TU &002 
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c 

CAL~ P~Ull (N~,NMP~,p~~c~,O~,~LANKIANG) 
cu•til•1,4a4S9 
t-..T•~UMNI"tlt.•Ob 

A"~M•CONSTtNT••O,llll5ll*(""Cw•1t•Ob)t*("0,lllll33l 
~NlJ•NT*ALAM 

3000 FLJiH1AT t1H1,40X,30HPRUBA~l"ITI OUTHI~UTIONS.UN N,!lll __ -------- ___ _ 
3001 FURHAT (IH oiSX,UHF(D),1;x,uH•t~),!;x,5H~F(0):15X,SHPC(D),)5X,8HO= 

!SERY<Ot!OX,8HtXPECTED) -
3002 FU~MAf (IH ,1!X,8H/(CU CM),)!AtBH/('U CMlt12XtBH/(CU CM)t12Xt8H/(~ 

!U CH),!SX,bHNUMBERi12XtbHNUH8~R,/)-
CHI5Q•O,O -
AOD~O,O ___ . __ ... _____ ------. ------- ----·----------------· 

C FOR Ht!HUD OF EXPECTED NUMBER CA"CU"ATIUNt tiEE SAX OR CUlTON 
c 

c 
c 
c 
c 
c 
c 

ENOtiUM•O,O 
DE"U:(OW(2)•DW(!l) 
OwM•Dwttl•DE"D*,S 
COMON[t(!,•tXP(•ALAMtDWMt,))) 
ou joos I•t,H 
AOU•AOD+Nw(Il•IE•Ob 
FOti):AOO 
owP:Dwtll+OE"D*,S 
CO~•NT*tl,•EXP(d"AHt~w~•,1l) - -------------· 
tNOlll•CDP•CDH 
ENlJ(ll•tNU(ll•1Et0btVOL 
ENUtiUM•tNO(Il+ENOSUM 
COtll•ENUSUH/(V0Lt1E+Obl 
DwM•vwP 
co!'1.:coP _ ·--· ... ···--··· ... ··-···· ___ ···---·-------------·---······--· ·-··--··-·--·-·· 

3020 PFDlll•FDti)INT 
PCCtll•CDtll/NT 
C"ltiQoCMISQ+(ENU(il•NUW(ill**~/ENO(I) 

!005 CUNIINUE -
3007 FU•MAT (1H ,!OX,E10,u,tOX,E10!4,10X,E10,Q,10X,E10,4t10X,FI0,2,tOX, 

!F10o2) _ .. ____ -------·-··· -···-···· _, ----------------
3009 FUMMAT (IH ,/// 1 10Xo13HCH!•SQUAR~ : tF10,3,///) 
30lO Fu""•T 11• , '"" N<Ol •• r•tuRtTICA• = •t1o •• ,,,,asH "AMSOA •• TH 

1!U•tTICAL : •E1o,ul 
.SAV1•"t 
•sAV2:"s 
•s•u 
"E•ii 
DU oQoo I•1 1 H 
(;(ioll•ENOC!l 

bOOO CU.NI INUf. 
bOO! FORMAT t1H1,SoX,14HEXPECTED VA"UE,Il 

ICH~•I ·------- _ 
GU TO 504 

IF ~UNN!NG HEAN CA.CU.ATIONt RtTHi<VE •s ANU LE AND STAMT AGAIN, 
READ IN NEW PASS INfQRMATIQN, - .... _. _ .. _ 

T !HE • 0 MEANS. STOP~----- __ ----------------'--------------------- --------------

b002 

bOO! 

n· ILSAV 1, ~.T, NUH LGO __ fQ_bOQ..L 
GO TO 5003 

-----------
•E•CSAYI ----------·- ____ ---------- --------··-
LS•"SAva 

-··~·-···-.-·--·-·· .. ·- ··-·-····-··· ·-. -· . 

GU I 0. 5o q ______ _; _:_ _______ -~·---•------- _____ ---------·--··------ -------- --------- -------
END-
SuoHUUTINf. CALC (NU,OoN,SUMN,~I~MAtl•••t•"wCH,AD,AVDoP"WC,LS•LEl 

c 
C LA"CULATtS MADAR RtFLECTIVIIY, LIQUID •ATER CONTENT, CONCENTRATION, ___ _ 
C AVERAGo DIAMETER, AVERAGE VULUME DIAMETERt ~tRCtNT LIQUID ftAJERt A~D SIGMA, 
r 
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c 

PlA~ N0 1 LwC 1 L~CH 1 N 1 NMtAN,Nj,NU 1 Nt,L~C3 
INl~GE~ ~AT~R,Yk,OA 1 C~O,PASSarRAME 
DIM~NS!UN 0(25),N(25JoS!GMA(l5J,L•CM(2SloPL•CI2S),~U(~S),N!(280) 
COMMUN GI2S,2bO),y~,MU,O~oCI.DoPASSoFRAME. 
COMMON /CONS/PI 
COMMGN IV I VOl. ... 
COMMON /INC/M 1 WATER,NN 
SUMN;C, 
z•o,o 
~owe rio, . . . 

80 fORMAT CIH ,QOXrbHVOI. a rf8,3r10Xri3HNO, •R~MtS • 1 15) 
NO•O, 
NE1Q 1 

C DENSITY OF •ATER 
c 

c 

RH0••1,0 
00 55 K;I,M 
SUMM•O,O 

C CONCEN!RAT!ON : NUM~ER/VULUME 
c 

c 

N(K)•NO(K)/VOL 
SUMN•SUMN+NIK) . 
NME.AN:N(~)INN 

1.•0 
DO 130 1.1-•L.S.t.E 
L.=L.H 
Nl(L):G(K,L.Ll/VOL. 
SUM": SUr\M+ IN 1 ( L.l•NMI:.AN )'*c .. 

130 CU'<TINUo 
SIGMA(K): SQRT(SUMM/(NN•1ll 
Atl•NIKl•OIKl 
At,•NIKJ•O(K)**3 
AF••'(Kl•Ot~l••o 
l•l+AF 
ND•ND+Ab 
•£=••••c 

C L.IQUID WATER CONTENT 
c 

120 RHU•RHOw 
125 CTS•RHO•P!/b 0 

L.wCS•CTS•AC 
L.wCMIKl:L.•CS•1,E•l 
L•C•I.wC+LWCMIKl 

55 CUNilNUE 
THI~D•1,/l, .. 

' --· ·-----·--. ··- ----

c 
C AVERAG~ DIA~~~~R AND AVERAGt VUI.~M£ OIAMET·~ 
c 

AD•ND/SUMN 
!f(Nt/5UMN 1 LT 1 0) WRITE(o,8o9) 
f URMA T (I ~0 1 31 H . NE.GA T 1 VL E.RRO". IN. c; ~~CO~ I b.7ll __ _:_ __ ----··-------·--·· 
AVD•INt/SUMN)*•TH!RO . 
DU ~b l•loM 

c 
C PERCEN! ~l,QlJID· W~TER CONTENT ..... ··-·-·--·····-· 
c 

c 
c 

Pl."~ ( ll•I.WCM lll/L wC * 100, Q ....••• --- ----- ···-··--· ··---··----- .. ---·- -- .. 
~o CUNIINUC. 

RETURN 
END 
SU~HOUTINE R41N (L 1 D,N,R,NMP,~Ml 

CALCULATE.S RAINFALL RATEr OXPUNE.NT FUH MARSHAL.L•PlLMER D!~TR!BUT!ON 1 
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~.AND CUNCENT~AT!ONS lJSING BlST•Fil (M~THUO 0~ LtAST SQUA~t5) MA~SHALLMPi(~iH 
C L.IN!.o 
c 

c 
c 
c 

c 
c 
c 

c 

RC:AL. NrNMP 
INTI:.GER IIAT~R 
O!Mt.NS!ON Ut25loNt25loNMPt25J. ______ ----------·· 
CUMMUN /C,fJNS/Pl 
CUMMUN IvA T A I TC, PMB ... ·-·-··· ·······-·· ... ···-···----------­
COMMON ITUDROPIAR(IOl 
C UMMUN II NC I M 1 WA! C: R, NN ....• --·-·- •••. ·-- ····----·· ··-·- .•... 
RZ&PI1b 1 

R T ~ IJ I 0 . . .. --- .... ------------------ --~·-··--------------- -- ·"---------------·-- ... -- . 
oo is L=l•" 

GET llHM!NAL VELOCITY AT EACH SI'E INTERVAL 

100 CAlL. VWATC:R tlo0 1 y) 
101 RS•N(L)*(Dtll•*3l•V 

R!=KT tRS 
75 CON IINUC: 

Raki.•RT•.!,bE:.-5 

EXPONlNT IN MARSHALl•PAlMER EQUA!ION 

102 

so=•,1•R••t·0,21l 
BM••8U 
00 102 l:trM 
NMP11l•2000,tEXP(BM*D(Ill.: 
CUNTINUE 
RETURN _ 
END. 
SU~HOUTINC: VWATER CL.rDoVl 

····-·· .. -·--··--·--·-- -------------

C SETS UP CONSTANTS NtlDED FUH COTTONS TERMINAL VELUCITY SUBROUTINE, 
c 

Dl"·lNS!ON 'Ot2Sl 
CU•MUN IDATA/TCrPMB 
CUMM0N ITUDROPIARtiO) 
TKK•TCt273o!S 
~15.2,QoE•o•TKK••0,74S 
G=q~o,o 
p:PMb•!,OEJ 
RU•0,2BIE7 
QAOPI(RO•TKK) 
RD=~tLl•o,os 
CALL. VOROP t0AoG 1 VIS 1 ROrRF,VOrlKK) 
v=vu 
RU VRN. 
ENO-
SU8HUUT!NE VOROPtOAoGIY!SrRU,~F,yo,TKKl 

c 
C ~OTIONS TERMINAL VELOCITY ~U~ROUTIN~, 
c 

C QMMUN /TODRUP I ARt I 0 l ---· ... _ ..... ____ -·- ..... _____ .. ·-- ··- -- - -· ·-.. ·····------ -- · 
Ut~oV!SoHDoA 1 0A 1 G)•t•B•viS•R01~,0+ SQRTt~••2*VIS••2*HOtt211& 0 0+8,0PSU2 5 

I•••HD••5•DA•G/3,0))1(0AtM0••2*Al __ . 
REt~U,ROrVISoOA):2,0•VO•ROtDAlV!S 
I~ tRD,lo.T,O,Oil GO TO SO ...... 
VD=~.O•MOtt2t.l(q,O•VISl 

RF•N<. t VO, ~0, V !So OA l ···-- ---·-------·--···--. ----·----· 
IF tMF,L.E,O,Sl GO TO 70 
A:t.l,~ 

e=<•,o 
VD•UtbrVIS,R0 1 A,OA 1 Gl 
RF•MltVOrR0 1 V!S,OA) 
IF_ t~F!LE,),O) GO JU 70 

120 

PSU2 & 
PSU2 7 
PSU2 8 
PSU2 q 
PSU2 10 
PSU2 11. 
PSU2 12 
PSU2 13 
PSU2 I Q 

PSU2 15 
PSU2 1 & 



c 
c 
c 

c 

••Iol<792 
B•Zb o14b 1 
VO•U~~,vlS,HD,A,QA,G) 
RF•H~(VDoHD,VIS,uAJ 
IF (HF,"c,20,0I GO TO 70 
Al0o70342 · ... ···-····-·· 
6•4~.709 
vo:utBoVISoR0 1 A1 0A 1 G) .... 

-
PSU2 
PSUZ 
PSU2 
PSUZ 
PSU2 
PSU2 
PSU2 
PSU2 

1 7 
18 
19 
20 
21 
22 
ill 
24 

R~•Ht(VU,RD,VISrOll P5UZ ~5 
IF (HF '"1:.,130,0) GO TO 70 - -·--- - .... - ---···-·····- - PSUi! 2b 
A•Oo3SBib2 PSU2 27 

.B•iji,2314 . .. -----··-··-··········-·· ···--·-·····-----------·-----·--- -···-·----PSU2 .. i!B. 
VO•Ut8rVISrRDrlrDA 1 G) PSU2 29 
R~=H~(VOoRD,VISrOAl PSUZ 30 
GU IU 70 PSU2 ll 

50 vu•O,o6~73154 PSU2 li 
OU bO 1•1 1 9 PSU2· l3 
Vu• VOt AH ( llt t 20,0 tRO l*'l . . .......... -·· ·-·--· ------··- ---·-- -·-· ··-··-·-· PSU2 .. H 

bO CUNTINU~ PSU2 35 
vu•VlJt1, OE2 -··--· . PSU2 lb 
If ((1,1St•3/0AJ,"E,I,Ol &0 TU 80 
y:Q,43*ALUGIO(l 0 1SE•3/0A)•0,4*(ALUGIO(I,ISt•l/OA))t•2,5 .. 
VU•Yuolo,o•oYt(l,0+0,002lttl,i•UA/1olSE•3)t(293,15•T~~)) 
Rf•kt(VDrRO,VIBoOA) . . .· ............. .". ··-·········----····· ·· -···-··· 
RtTURN 

.PSU2 
PSUi! 

. PSU2 

31 
38 

.H -

so vo•vo 
HF:Ht(YUrRD,VISrOA) 

70 Ri:.IUHN 

lOS 

300 
lOb 

107 

lOS 

END. 
SUoHOU TINt _MEDIAN ( T 01 ALr N, 0, MEO 1.-----·-····--··· -······--·········· -- ...... ·····-·--·--·---·····--

~ALCULATES ~EDIAN AND HEOIAN VOLUME DlAMi:.TERS,. 

REAL NoiNCRrMEO 
!Nl<Gi:.R WATER 
DIM<NSIUN ~t25lr0(25l 
COM~Q~ /INC/HrWATERoNN 
~AI..r•TOTAL./2, 
su~:~i:o, 
su~~·o, 
00 300 IB•1 1 M 
SUiiZSUBStN(IBl 
IF lsu~,GE,HALFJ GO TO lOS 
su~s=sue 
GLJ TO lOO 
IF l!o,I:.Q,l) GO. TO lOb 
GO iU 107 
CONilNUE --··-·······-····-· ... _ -·--- ···------····-----···--····--·· ·-····-··--···-·----
OIH:suB•SUBS 
DIFf•HAL.F•SUBS 
Dt~i•Dlf/~· 
IN,~•OlfF/OEL.T*l,OE•2. 
Mi:.D•,200+!N'R 
Gl.l iCJ lOB . ------------ --·--···----------····-----------······ ···-·-·····---·-·······--
DI~i:SUB•SUBS 
Dtr i •HAL.F •SUBS 
D~Li•DIF/24 
I N,~•OIFF /DEL. Ttl, OE•2 ---·--------···----------------····----·- --· ···· 
M~D:{p(IB)•,lZSl+INCR· 

R t T yR N. ---------·· ------------------------------------ _____ -----·-·· _____ _ 
END 
SV•"OUTINLl.EASTQ (NrO,ArSl .... 

C ~AL'ULAIE$ BEST•fll LINE ANO MARSHAL.L•PAL.M~R L.INi:. BY HtTHOO UF L.EAST 
C $QUARtO$, 
c 
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c 
c 
c 

c 
c 
c 
c 

415 

410 

a I I 
U12 
400 

.RE~~ NoNZRO,~AM 
!Nli.oER •ATER 
OIM~~SlUN X1t2S),X2t2~),N'2~),0(25) 
CUMMUN /lNC/M 0 wATi:.R 1 NN ... --------
CUMMWN /!Cf/M!C~ 
DU ~00 l•l•M .. _______________ _ 
IF IWAII:.R,EG,I) GO TO 410 
1' IMICE,I:.G,2) GO TO 410. 
!F ll,EY,Il GO TO 415 
GO TO 410 
X21il•O, 
Xl(l);O,. ---------- ·----·-·-·· -------·--
GO TU 400 
IF LN(!l,"~'O,l GO TO 411 
X211)oA~UG(N(j)) 
GO TO 412 
X21!l•O,O 
Xllll•DII) ---
CONTINUE 
CAL~ REGR IX2,X1 1 NZROoLAM) 
A: tXP(NlRO) 
B;LAM 
RET URN 
END . ---- ........ -- --------·--···-------------------·--------------
su~•OUI!NE REGR (X2 0 XI,NlRU,"AM) 

REAL NZRU,"AM 
!N!<Gi:.R WAll:.~ ...... .. 
O!MtNSIUN X!(25) 0 X2(25) 
CO~MU~ /!NC/M 0 WATERoNN 
11•0,0 
Tz•ij,o 
n=ij,o 
rua:V,o 

405 

OU ii05 l•loM 
Tl•lltX!(I)•X2(1) 
T2•l2+X!Ill 
T.S•i3tX2(Il 
T4•i4+XIIll••2 
CUNliNU~. 
LAr.•C M•TI•T2•TJ)/( M•T4•T2••~) 
NlR0•Tl/ M•"AM*(T2/ M) 
RETURN 
i:.NO-
SUtiROUTINE P"OTT (N 0 NMP 1 PL•Co~ltiLANK,ANG) 

~-- --- ·-·-·- .... ·--- ---·- .... ----···--
~LOTS OBS~RYED CONCENTRAT!UN, MARShA"~•PALMEW CONCENTRATION, ANO 

PERCENT· LI~U!O "ATER VE'.RSUS OIAMOTER OF .ORO~, _______ -----------------------------. ' - . -
RI:.AL N1N~P ___ ----- -------------
!NT<GER •ATE'.R,YH,OA 0 C"O,PASS,tRAME'. 
DIM~MSIUN N(2S),NMPl25) 1 PL•Ct2SJ,A(4),SYM(Q),ANG(Q),0(2S),OUT(200l. __ _ 
01"t~SIUN•F!ij(2~),FUN(25l , 
COMM0N-~(25;280),yR,MO,DAoC~DIPASS,FRAME 
CUMMUN llNC/M,•ATE',R,NN 

QOOO FUHMAf Clri.~0Xi17HN (/CU M/D~"TA 0)). . 
UOOI fUHMAT (IH0 1 11X 1 JH,Oio17X 0 2H,Iolqx,IHI,I~X,2HIO,I7X15HIOO,I7X,uHI0 

. 2 0 u) ----- ------- .. ------------ ·-·- ___ -__ --- -- . ---- __ · ___ --------·- -·- -------- ----- ·-· .... - -----
U002 FUHMAT (lH ,qX,llQHO •t•••••••••••••••••••l•••••••·~·•••••••••l••• 

t················t•··-~·-······-·--··1···················1··-······ 
2•) 
~JIIU 

Oll ~· J•I 1 M 
!f lNlJl,"E,O,) So TO 50 
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f jO(J)•N(J) 
GU IU 3~ 

so notJ>•o.o 
J4 cu~II~u< 

CAL~ LE:ASTG (F!B 1 0 1 AAoB) 
CU 13 Il•l oM ............. --··---·--· ··-·---- _ ------·---·-·----·---·· -··----·--·-··· 
FUNliil•ALOGlO(AA• o~P(B*D(IIl))*9 0 S 
IF (t. (I I l, LE, 0, l GO. TO .. 40 -------·----·-··-··--·-·--·-----·· ···---··-- --·· 
FI•ALUG10(N(Iil)*9 0 5 
GU IU 42 ............ --·-·· - --··· 

~0 Fia:V,O . 
42 IF t~r1Ptiil,LE,O,) GO .T0 .. 41----·--··-··-····-···-···-:·--·--··--·· 

GI•ALUG10(NMP!IIll*9 0 S 
GU IU 4J 

41 GI•U,O 
ol Atli•FI 

A(ll•GI 
A(jl•PL11C(Il) 
A(Ol•FUN(I!) 

10 DU 15 loi,NJ 
IJ•'J•I+I 
DU 14 J•loNJ. 
JJ"'J•Jtl 
H (~ (IJ l •A (JJ )). 14 .I o d I ... -- .. -·--- --·· --······--·-·-·------···-·. ---. -·-- --

11 F•At!Jl 
A(IJ):A(JJ) _ ···-···-·· 
A(J.Jl•F 

IO CUNiiNUE 
15 CO'i I~UE: 

DO ~2 Jo•loNJ ···-············--·- ------·-······--··-···-·--·--··-·· ... 
IF (A(JUl,EQ,FI) .GO TO Zl 
I>. (A(Jo),tQ,Gil GO T(J 24 
IF lA(Jb),EG,PL•CCIIll GO TU lS 
I> lA(Jo),tQ,FVN!IIll GO TO JJ 

23 sye.(Jo)•ANG(l) -
GU 1 U 2C 

2U SY"(Jb):ANG(2) 
GU TU U 

25 SY"IJtil•ANGtll 
GU 10 U 

33 SYMIJ8l•ANGt4) 
22 CUNIINUE 

Du .i2 1<•11112 
32 0~1\l~l•BLANK 

OU <O <•I,NJ 
IF lA(Kl,EG,PL•Ctllll GO TO S~ 
iF (A(K)) 5! 1 20 0 So 

So AL.K•A(K)/,5 _ ··-·- -·-----·-------------------------- ___ ·-------· 
KA•IFJX(ALKl+41 
GU TO 5~ ... 

51 AL.~O A85(A(K))/,5 
KA•oO•IFIX(ALKl ...... ·-·-------- .. 
IF lKA,L.E,Ol GO TO ZO 
GO TO 52. ----·--------------.. ·-·--------------------- ----------·-··· 

53 AL.Ki:A(q/,5 
KUiFIX(ALK) 
IF lKA,L.E,O) GO- TO 20 

52 UUJ(KA)oSyM(K) 
20 CU'IINUE 
19 'OhMAJ (lH r5XoFS,Jo!Xo1Hirii<AIL_. __ 
2b >uRMAJ (lH riiXriHI) . 
13 ClJ' 11 NU< 
27 ~U~MAT (lH ,12X,tllH1•••••••••1•••••••••1•••••••••1•••••••••l••••• 

1•···1·········1·········1·········1·········1·······•·1·········1• 
2•) 

28 FUwMAT (!H r12XriH0 1 1HXr~"10 1 18X,2H~O,I~lr2H30 1 !8X 1 2HOO,l8X 1 2H50l 
•· • • - •• •• • •• • a • •• • • • • • • • 
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20 >u••AT llM0,5oX 1 26HLWC (PtRC~~I/CU M/UtLI• g)) 
JO FUNMAT llM0o15Xo5HgATt ,!~,)H/ol2oln/ol2•IOX,bHCLOUO ,AU,jOX,SHPAS 

IS oAUJ 
ll FUNMAT (lH0,!5X,5H$ • N,IOX,8~* • N MP,I~X,8Hi • PLWC,IOX,I7HX • ~. 

!EST f !1 TO N) 

i<U UNN. -·-· ... -----------------------·-- ........ ----·· -----·-
END 
SU~~OUTINE iRF 1 T --- ---·-···-·········· --······· . --------··· 

c 
C *'*THiS SUBROUTINE CALCULIT~S A.hlN~AR 8EST.F!T.TO ALL Z/R DATA PO!N]S. 
c 

c 
c 
C I 

c 
C2 

l 
c 

II 

c 

12 

c 

ll 
c 

14 
c 

CU"MUN IZROLIDATA (200, 2ldl---------­
DIMtNSIUN X(200),Y(200) 

D!MtNSION DATAtlOOo2loXl100lrY(I00). 
~tAD(5.1) N 

FO~MA!t13l -
N•ll 

IF (N,GT ,200). STOP---- . -·· ....... ·······--------···· ···-- ------···--------·- ··· 
RtA0(5,2)((0ATA(! 1 J),J:I 1 2),1•1 1 N) 

PO~MAT(fo,0 1 F7,2). .. 
D0ll•I 1 N 
xtll • ALOG (DATA(!,Ill 
Y(l) • AL0G(OATA(Io2ll 

CONTINUE.. ... .... ........... ... . ......... ·-·--·-······ ····---·-···-----
CALCULAit THE AVtRAGES Of !Ht OA!A 1 THE SUMS, AND THE SUMS OF THE S•UARES 

XSUt-1 • 0, ·-··· . -·····-·-·· ------·~·-···· 
DO 11 I •lrN 
XSUM • XSUM +. X!ll ...... - --····· 
XAVG • XSlJM/N 

YSUM :a 0 1 

DO i 2 1 • I, N. 
YSUM • YSUe + Y!ll 
yAVG • YSUMIN ...... __ ... . 

X SUMSG •. Q, .• --·-·· ---····. _ .....•••• --·-··--- ·--·--· ....... --· -··· .. ---·· •. - .... . 
DU ll I • I 1 N 

XSUMSQ • XSUMSG + X(!)oo2 

HUMSQ • 0, 
DUiUI:I 1 N 

ySUMSQ ; .. Y~UMSQ +~Ytll•*Z .. 

XHUM • .Q, 
DU 151 : lrN 

15 XY~VM • XYSUH ~ (XCll•Ytlll 
c 
C R~GRESoiUN OF LON LwHERE ... Y .• A'o~U ~ AUN<. ~.X . ._ ___ _ 
c 

c 
c 
c 

c 
c 

D~NUMI : N•XSUMSQ • XSUM•t~ 
AZoKO : [YSUMoXSUMSQ • XSUM•XYSUM)/ OENOMI 
~ON~ • (N • XYSUM • XSUM•YSUM)/Ot::NUMI ·-~ 

RE GRoSS I QN __ QF .JLON .. LwHEH~LL~Z~RO. t. 60NE~-'------------·--- ·····--------·-·· 

OENUH2 .• N * YSUMSG • YSUMool .. . . 
~ltRO • (XSUM * ySUMSQ • YSUM • XYSUMl I DENOM~ 

. ~ONE : (AONE o DENUMil I DENUMi! 
CALCULAT< TME CORRELATION COtFFI~IENT, R 

R • SGRT (AUNE t BO~E J _____ -__ ------ ···------·-----
THE •kiTE STAIE"ENTS FOLLOw 

wRITE(briO\)((OATA(I,Jl, J:l,c), I•lrNl 
•kllt(o,jll2J XAVG 1 YAVG• XSUMo XSUMSQo YSUMr YSUMSU 
•KITElo,)Ol) AZERU, AUNt::, ~'E~U, oONo1 H 

101 rUkMAT (IHO, cF15,ll 
102 F~WMAT(lH},bX,Ufi~AVG 1 11X,UHYAVG,}bX,U~XSYM 1 10X,~~XSVMSQ 1 )9X 1 
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1 UnYSUM,10l 1 ~HYSUHSQ// 2~1~.~,SX,4~15~5l 
103 FU"MAI(IH0 1 9~A·ZERD : 1 f10,~o1S~,8HA•ON~ • oF10,S//o9H8•Z£RO • 1 

IF10o5oloX 1 8H8•0NE • 1 FI0.5///i40H TH< CORRE"ATION COEFFICIENT 
z, R IS oF&,S/1/) ----------------···---------·-:--···-···-·-·--------·-· - . - --·--·-·--·----· 

WRIH: (&,104) N 
IOQ 

c 
FORMA 1 (I riO, HH.THE. NUMHER .. OF. OA 1 A_P.01NT.S-~SED .. L,__t5l.-.· ----- . -----------·-----

c 
c 

. -
FINDI•o A AND 8 IN THE EXPRESSION, Z • AtRt*S ~HERE "OG • X AND "OG ~ o y, 

AI-: E:.XP(BZERO) .... -······-··------__:~--- _______ : ..... -- -·--··-- --· . 
Bl : !lONE 
AZ • I:.XP ( •AZERO/AONE ) ....... -- ------------·-·-· ---------------··. · 
Bl : l/AUNE .. 

"RIT~tb,200) . . . - . . 
200 Fu•AA1(1Hio90HFROM THE R~GRESIIUN Of "UGH ON "OGZ 1 wE GET A • AI A 

!NO o : 81, IN THE EQUATION l • AtRttB, . //) 
"Ail~(bo20\l AI, Ill . . 

201 FOHMAJCIHOo IOH .AI ; .,Fb,~, .lOH ........... dl ; ,FO,V///1) .. 
•RITE(b 1 202l . 

202 FQAMAI(IHOt 90HFROH THE REGRE~SIUN OF "UWZ ON "OGR, w~ GET A : A2 
IANO B • 82, IN THE EQUATION Z : A•R••B,/1) 

w~ITEto,203l A2, 82 
203 FURMATCIHO, IOH A2 • ,Fo,~oiOH 

Rf. TURN --------------- . 
I:.NU 
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ACTUA~ VA~UE 
------~---------··--------------·· 

WATER DROP~~T S!ZE•DISTR!BUTION 
------~---,----------ctrnUt;tJS-fXP~RI~~NTS----1<! A~t-,·rt;ORn.---------~-~------

AUGUST 1974 

DUE: ~I!OI7a C~OUD PASS , ·, •. 
T!Mf U~tt L-zGHT-At;t---,!52~M t;!GHI1'EMP rooe---.::::._ __ _ 

VOL • !,&92 NO, FRAMES • !1 . 
~--~--------~---~-

Z • 19&2&,7MH&/CU H LWC • ,793G~/CU H CON• 479,2/CU M 
~-------;Rt-.or-1!-<9r:,-'>z9t-IM1'1'! 1:M I A,;! a !S9o-tl·~en--;,-----~----'-------

AVE DIA • lol!MM MEO DtA • !,OhMM AVE VO~ DIA a t:aTMM HEO VO~ D!A •· 1;9,MM 

N e • 299,~ EXP( •1,27 Di N "P o 2000 ~XP( •2,2 Dl 
--~-----------~----

DI~G D N " C N M• LWC PLWC .NO SYG•A. 
--(H~·l II). (t~tl /rU-H~ /CU-M)· (GM/CU-->1 (~j ·oMJ~tJ'-Mj-· 

oll2 o21& 8&,27 ci!7,2U !2U2,9! ,0005 ,06 IUb~ r.~2 
--,332 -.-eijs. j-&41 -,1.~9- "Ao-.o3 ,r,1a7 ·t·.-eb .,5, · ·;,97-·-

,&8& !o080 !14oo3 75 0 85 !A5,39 ,0756 9,51 , 194, ?••& 
--tt~~b t•SJZ &b.bl ~3,8 lib ,t&n-4 2Q,2Z -1~\?, .n.~s---:--

1,352 j,9UU 52,59 ~5,32 H,&5 ,2023 25,50 . e9, r.\7 
--toh7 ,.n---co-.-~e u·;ol o·••~ ,t453 1e·;J s, t,~!-

1,971 2,eoe 8,27 8,a5 ao12 ,0959 12,09 ta 1 ,92 
-z,zo& s.zu Zo95 u-,-ee 1--.-s ,C52~ il>l , .~s--

2,5>2 3o&72 1o77 2o82 o02 ,OUbO 5,19 J, o!l 
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>-' w 
0 

EXPFCTEO V-'LUE 

WATER DRQPLF.T SIZf•OISTqiAUTl~N 
CUMULUS P.XPERI~ENTS ~IA~I,FLOR!~l-

AUGUST 197~ 
--------------------------------~~ 

DATE B/1011U C~OUD PASS 
--------rrMe----t-u0900GMT---·-·- fLIGHT· AJ.. r-- --· .152K"'----·-·-···· J't.;!GHT -T!'M,--·--n-i Oe,------

VOL: t.6Q2 N0 1 F~l~ES ~ 17 
--

Z • Z0~25oOM~b/CU ~ L~C a .~&CGM/CU M CONa 475 1 3/CU ~ 
-,-4-1~9MJ.I/Fi Mt"A"'U-"11~?907~Mb7CUr----------------

AVE OlA ~ o80MM MED DTA: o&OM~ AVE VO~ O!A = 1:32MM MEO VO~ 01A * z:UOHM ----------- ---- ·-- ·- -·- .. -·----- -- ----·----·-- -------- ··- - ---·-- __::_:____: ______ __ 
N C a 25~ 1 0 EXP( •1,24 o) N ~p a ZOOO ~XP( •2,1 D) 

-------- -------- ----- -----

Ol~G D N N C N MP J..WC PL~C NO StG~A 
--- (M-tt---u·not·t·---·{JC\.J M)----ur;U M) ____ {'ICU M)' --(GM/CU 11;-------- t:O- ----(GM/~U- H)--

.112 .21&.:- tlil8o52 tce,st tzns,s7 .ooto .ts ll&~ u~.11 
··-·-···.-Bz----·-ebQS-r- ··tto.2e·-----110o28 ·---·· uut.l2 ------.0166·-·-----z.ct---~~7\ 21.~6·--

,bSb t,oeo &B.~t ~8.11 1&1.15 .oaaq 1.qo 11s, t~.~l 
--t-,02& to512-----"39i90 ~ 9,90 15818 --.-o722 2o1o- ~ ~ _-,;-lq----
1,3~2 t.9~a 23,37 ?3,37 21oU9 .oaqq tS.~l ao~ ~.~o 

--t-.&b7 2i·37f:l-·--t),b9-----t:s.oq-~---·-·7·,ao; ;OY6t· 16.- 1H !3-, .. -.-,z:--
1,971 2o808 s.o2 8,02 2.87 .0930 tb.l4 tu, !-~~ 

-2, ib&~-. CliO-- --·--'f.7o------ -'1.7o--------1, os--------.oe:s&- ---·-··t.:t.?t--~---e-,· 1 ;ii"tt __ _ 
Z,SS2 3a672 2,75 2o75 1 38 ,0713 12.5U 5 1 ,65 



Distrometer Program - Listing and Sample Output 

A fortran listing is provided for the NOAA/NHEML distrometer data pro­
cessing program which takes as input the drop concentration per expanded bin 
interval of .25 mm (19 bins shown in table 4) and derives the rain rate R by 
computing the mass of rain (grams) impacting upon 1 cm2 of the distrometer 
sensor head per bin per sampling duration (listed as 120 sec). Radar reflec­
tivity Z is computed directly from the concentration of drops accumulated in 
each bin size. The best-fit Z-R equation is formulated within subroutine ZR. 
The output data includes the number density and concentration (cm-3) per each 
.25-mm bin, the calculated Z and R values, the rainfall depth in mm accumulated, 
and, as shown on the final page, the coefficient "a" and exponent "b" 
resulting from a linear regression best-fit of the Z-R data set to the 
expression: Z = aRb. 
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C *** PAUbNAM TU Dt•IVt Z/R OAlA fOUM JUS~ RAINUROP O!STRUMeTtR 
OJMtNSjUN Nlb5) 0 0IHtA~(bSl,DI•~IN(D5l,VTlb5loVUL(b5loNOlb5) 0 . 
JREflo5l,DtPTH(5U) 1 0UR(50l,H(5~l,z(~Ul,wNU(b5l,RN(500),ZZ(~QO) 
2oJAIA(oVOo21,!D(~O) 

c 
c 

c 

DI•E~SIUN ROEPTH(50) 
INI<GtR OUR 1 Q,8 
RtA\.. N 
txT•RNn SNAP--------------------·---------:---------------· - -················-. 
Q:ij . ' 

5=5 
II•V 
REAV (Uo50l (D!~EAN(!lol•lo20J. ------· 

so FuRMAT C13Fb,J) 
j7 RoAli(uo.l8lJK 
38 fOkMAI (Jl) 

IF(J,,tQ,OlGU TU US 
>Rilt l$,100) (D!"EANl!),!•I,~O) 

100 ~ORMAT (1H1,bX,i0Fb,3,/) . 
RtAU(Qo15)(DUR(!) 1 !•1,q) 

15 fUk~AT (qlul 
SU/'14=0 1 

D021=I,JK 
II•I!tl 
OtPl~(!J:o,. 
RCii=o, 
Z(!l•O, 
DUI<ll1•120 
ARt•=so, 

c *** c. ... DUR ·IS SAMPLING DURATiON IN StCONOS 
AHtA IS CROSS/StCT!ONAL ARtl ~F D!STRUMtltR SAMPLING HtAO 

c 

c 

P!=.I,!U15q 
l'tA~ (U, lb) (RNO(J) 1 J•I 1 20) 

lb FU~MAT l20FU,1l 
su~q :o. 
SUMi:o, 
SUM.!: a, 
OU i 1 f•: I, 2 o 
A1:•(D!MtPN(Ml/1,77)o•1,1ij7 
VTlM):9U),0(1,•tXP(A1)) 
VULlM)•V!(M)oARtA 
N(M)•MNU(M)OVQL(M)*I,OE•OboFLUATCDUR(!ll 
A3=~(M)•PI/(bOOO,oAREAl•D1MoAN(M)ooJ,. 

C *** VT !S TtRMINA~ VELOCITY CUMPUIED FROM tX"RESS!ON OF ~EST (1950) 
C *** VU" 1S SAMPLING VU~UMt PER SE~UND PoR ~IN 
C ••• N(Ml IS NUM~EN UF ONUPS 1N tACH UUARTE~ MM BIN PER SAMPLE DURATION 
C *** Al 1S MASS OF RAIN (GRAMS) 1MPACTIN" uPON I SQ CM OF U!STROMETER HEAD 
C CCONIJ) PoR. ~IN Pf.R SAMPLING DU~ATIUN -
c 

SUM 1 •SUM I H3 
REflM)•MNO(M)oOI~EAN(M)oob, 
SUMi•S~M2tRf.FIM) 

11 CuNI !'NUt 

c 
c *** c 

OE.P iH( ll•SUM! .. ··-- ···--·------ ·-------····-------------------- ----·-·-···--­
RvtP1H(J)•DEPTH(!l•10o 

- . -· 
RDtPTH IS DEPTH OF RAIN IN MM INTf.GRATtD OVER ALL BIN SIZES 

Z l 1l •SUM2 
AK•.IoOO,/FLDITCDUR(!)) 
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RCil•DoPTH(ll•AK*lO, 
c 
c ••• 
c 

R(!) IS RAIN DEPT" IN MM "HlC~ -,UUL.O AC(,UMUL.AH. DUR!~o UNE H.UUR' (MM/HR) 

•R!It (5,[01) (RNO(JloJ:lo20l. 
!01 riJ~HAT (IH _,bHCO~C .o20fi>,I,IJ ... _ 

•~llo (Sol02l (N(J),J•IoCO) 
----··-------. ----~------·----------··-··· 

102 FIJkMAT (IH ,oHNUHBERo20Fb,j,/l 
•RITE (So!Oll ZCilo~CiloROEPTHtll 

103 FUk~AT CIH 0 ijHZ: oF!5,2o5X,U~k o ofl5o2o!OX 017HOEPTH IN MM 
I n>,2oll . . 
z z c Ill =z c Jl ... -···- --·----- ····---- ··-·---·---·----····· 
R~CIIl•RC!l 
SIJMj:SUMltRDEPTH(Il 
SUMUOoUM"+SUM3 

2 CUNIINUI:. 
•Mill:. CSo!Oul SUMij 

IOU FORMAT CH< 0 //// 0 U.H TOTAL. RAIN fUR DAY = oFI~.2,7H ·. MM/HRl 
NN•O 
J ol. 
DU ~5 I•I,JK 
IF (RCiloL.E,.Oll NN:NN+I 
IF (~(ll,LE,.Ol) GU TO 85 

. ' 

c --···-- --- ... -- -· -----·-·· --- ····-··-···-
c *** THI:.oE STATEMENTS EL.l"!NAit DATA fRUM FORMULATION OF Z/R BEST FIT IF 
C CON 1 Tl kqNFALL. RUE IS L.i:.SS [HAN A~ ARB!I~ARY VALUE . --- ... 
c 

DATACJoll:Ztll 
DA!A(J,2l• R(l) 
J•Jtl 

85 CONTINUE 
JK:ajK•NN 
C•L.L lR(QAIA 0 JK 0 Q,Sl 
GO IU J7 

ij8 JK•II 
NN•O 
J •I . 
DO ~b I•I,JK 
IF (RR(!l,L.E.,Oil NN:NN+I 
!f(kR(I),L.o,,Oil GO TO 8o 
DA!A(Joll•lZ(!) 
DAIA(Jo2l:RRC!l 
J:Jtl 

8b CUNT!NUE 
J!'(.:jK•NN 
CALL ZR(DATA 0JK 1Q,S) 
S!UP 
E NO. . ... ·---· ___ .•. ___ ... _ . ______ ·--------- --------------- ___ ·-··-----··-·· 
Su8KOUT!NE ZR(OATA,JK,Q,S) 

c -

c .... 
c 

!"IS SUBROUTINE COMPUTES BEST fiT REL.AT!UNSHIP TO Z/R OAT. _PD!NTl 

O!MtNSIUN Xl500) 0 YjSOO)oDAIA\500 0 2) 
!NT~GER Q, S . 
t-~:Jr(. - . 

12 PU i!3 I •!oN 
X(!) • ALUGCOATA(Iolll 
Yell • A~·oGcDATAC!,Zll 

23 CUN I !NUt. 
50 CO•IINUL ____________ _ 

xsuM ao, 
YSUM ~ 0, 
X.SVMSQ a 0 1 

YSLJM~I.J : 0, 
'XYSUM 110 1 

Dll jQ I • 1, N 

133 



X~U11 ~ ~~~M t X(J) 
YoUM; YoUM + Y(!) 
XYbUM : XYSUM + (X(!) o Y(l)) 
xsu•su • xsuMSG + X(ll••Z 
YbuMbw • YSUMSQ + YC!l••Z 

3 0 CUt> I I NUl:. ··-···-·-·--- ___ ------------------ __ -----
Dilih • FLD~I(N) 

YAVG ; YSUM/DATAN 
C kl:.o"I:.SSION OF Y ON x, •HEHE Y ; AZEHO t AUNE * X 
c 

c 
c 

c 
c 

c 
c 
c 

DI:.~UMl ; OAT AN * XSvMSQ .• XSUMHZ . --------------------------·­
AZt•O • (YSUM • XSUMSQ • XSUM • XYSUM)/DtNUMI 
AUNt ; (DAilo o IYSUM • XSUM ~ YSUM)/Di:.NUMl 

RI:.GRI:.SS!UN OF X UN Y, •HERE. X : oZtRO + ~UNO o Y 
Dt~UM2 ; 06TA~ * YSUMSQ • Y~UM**2 

blt"0 • (XSUM * YSUMSI; • YSUM ' XYSUM)/OtNOM2. -------- ... 
bU~t ~ (AO~~ * CEN0M1)/D~NUM~ . 

CALCULATE !HI:. CORRtLATION CUtFfi•li:.NT• R 
R : SQkT(AUNt*8UN~) -

THE oRITI:. STATI:.~I:.NTS FULLO• 
'"llt(S,lOO) 
""llt(S,101)((DATA(l,Jl, J:l,~), I•l,Nl 
~kiT~(S,t02l XAVGt YAVGr XSUM, XSUMSQ, YSUMt YSUMS~ 
•!ilTt(S.!03) AZf.OO, AUNI:., t;ll:.kU, bONI:., R 

100 FU,<>1ATCIH0) 
101 fUkMAT(10X,2fl5,2) 

102 FU~MATC1Ht,bX,UHXAVG,11X,4HYAVG,tbX,aHXSUM 1 10X,b~XSUMS0,10X, 
1 4MYSUMtl0Xtb~YSU 11SQ// 2f15,~t5X,u~15,Sl 

103 FUkMAT(lH0,9rlA•ltRO: ,~tO,~,~~~~~HA"UNt: ,Fl0 1 5//tlX,qrl~•ZERO • 
1 ' 
2FlO.~,l5~ 1 dH6•0NE : 1 Ft0.~///t040H 
;, • IS .Fo,ollll 

THE. CURRELATIUN COEFFICIENT 

•i<lll:. (S 1 10U) N 
1ou FUR•A!(IH0,3JHT"E Nu•bE~ oF o•r• PU!NTS usED=, rs,///l 

FINDING A AND 8 IN TNI:. EXPRESSIO•• Z • AtR•*8 wHtRE LOG • X AND LOG R • Y, 
AI • ExP(oZE~Ul 
81 • bUNE 
A2 • I:.XP(•AZERU/AD'El 

Be! >: 1 1 /AONE. 
•Rl iE (5,200) 

200 FO~MAT(lNO,qOHFROM THt ki:.GRtS>lUN Uf LUG" ON LOGZ, wE GET A • ~~ A 
IND 0 • o1 1 IN THE EYUATjON l ~ A•R••8, //) 

•"l1EC5,2011 AI, 81 
201 FU"MAJ(IHO, !OH AI : 1 F8,c, IOH ... Ol ;: rF8,2/////l 

•"IIUS,202l 
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lAND 8 • 62, IN THE EQUATION z • AIRII8,//) 
••lTtcs.203l •2,· a2 

203 FUNI·1A1(1HO, IOH. A2 : ,F8,c.!OH 
Rl:. 1 U~N .. --------------·-------------- ...... ---------------
END 
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